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1 .O INTRODUCTION 

This Work Plan was prepared to support field sampling activities associated with the Preliminary 
Closure Assessment (the Assessment) of Tank Farms 4 and 5 located at the Naval Educatiion and 
Training Center (NETC), Newport, Rhode Island (Figure l-l 1. The Assessment will include an 
investigation of soil and groundwater in areas adjacent to tanks within Tank Farms 4 and 5 (Figure l- 
2). This plan addresses work requested by the Naval Facilities Engineering Command (NAVFAC) under 
Contract Task Order (CT01 #143, Contract Number N62472-90-D-1298 (CLEAN). 

Tank Farms 4 and 5 at NETC Newport contain 23 - 2.5 million gallon concrete underground storage 
tanks (USTs) that were previously used to store heavy fuel oils. The tanks were abandoned in the 
1970’s; however, two tanks were used for a brief period during 1974-l 975 to store waste oil. These 
two tanks were cleaned and are being closed under Rhode Island UST regulations. 

Rhode Island regulations enacted in 1992 removed the exemption for USTs storing heavy oils, making 
the tanks subject to closure requirements. A request for extension of temporary closure of the 
remaining 21 USTs under the regulations was granted in July 1993. Due to the complexity and 
expense of closing the tanks, additional extensions will be needed. The Preliminary Closure 
Assessments conducted under this CT0 will provide the Navy with information needed to request 
additional extensions. 

This document, with the Quality Assurance and Quality Control (QA/QC) Plan, provides technical 
guidelines and procedures to be followed by the field personnel for conducting field activities. 

The Health and Safety Plan (HASP) is included in this document. The HASP is intended to protect 
Halliburton NUS Corporation (HNUS) personnel during the conduct of the field activities disclussed in 
this document. 

This Work Plan is divided into four major sections: Section 1 .O is this Introduction; Section 2.0, Site 
Management Plan (SMP); Section 3.0, Field Sampling Plan (FSP); Section 4.0, Quality Assura,nce and 
Quality Control Plan. The Health and Safety Plan is included in Appendix A. 
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2.0 SITE MANAGEMENT PLAN 

The Site Management Plan (SMP) outlines the overall project organization for the field investigation, 
and identifies of key personnel and their responsibilities. The SMP also details site access, security, 
and control to be exercised during the field investigation. A tentative schedule for the startup and 
termination of individual activities is presented later in this section. 

2.1 SITE CONTROL 

The following sections summarize the procedures to be implemented during the field activities. 

2.1 .I Site Access 

Access to the sites may be gained via Defense Highway. Access to the Tank Farms is essentially 
uncontrolled. Tank Farm 4 is enclosed by an unsecured fence, while Tank Farm 5 has no perimeter 
security. 

Prior to commencing field activities, the Project Manager shall notify the Navy Northern Division 
Environmental Branch Point of Contact (POC), Mr. Brian Helland (telephone 215-595-0567:l and the 
Newport Naval Education And Training Center (NETC) Base Coordinator, Mr. David Dorocz (telephone 
401-841-37351. 

No Halliburton NUS personnel shall perform work at the site until: (1) written or verbal authiorization 
is received from the Project Manager, (2) notice is given to the POC, (3) at least 24-hour notice is given 
to the NETC Base Coordinator, and (41 each field team member has personal identification in the form 
of a driver’s license, a Halliburton NUS identification card, or a suitable substitute approved by the Field 
Operations Leader (FOL). 

2.1.2 Site SecuritvKontrol 

As discussed above, access to the Tank Farms is essentially unrestricted. Persons unconnected with 
this project can enter either site unnoticed by on-site personnel. A minimal degree of security can be 
achieved at Tank Farm 4 by closing the unsecured access road gate. The field team will conduct 
activities from a lockable vehicle as discussed in the following section. Although the sampling points 
cannot be protected, all sampling equipment and supplies (e.g., bottles, trowels, augers, 
decontamination supplies, etc.) shall be maintained in the vehicle, and the field team shall secure all 
supplies and equipment in the vehicle prior to each departure from the site. Additionally, the field team 
shall conduct the work, to the extent possible, that all samples from a sampling point are collected 
during a single day. 

2.1.3 Field Office 

Due to the brief field time anticipated for this project, a van-type vehicle will serve as a commalnd post 
through the duration of this scope of field work, providing shelter, office space, and space for 
equipment storage and sample handling. A cellular transportable telephone will be used for 
communications. Offsite sanitary facilities will be identified and utilized. 
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2.2 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Halliburton NUS will be responsible for the overall management and conduct of the activities covered 
by this Plan. The sections that follow present the names and organizations of the key personnel 
connected with the work. Navy personnel will be actively involved in the investigation and will 
coordinate between the regulatory agencies and Halliburton NUS. 

2.2.1 Oraanization 

The key personnel connected with this project, their respective organizations and the chain of 
communications follow. 

0 Northern Division 
Naval Facilities Engineering Command 
10 Industrial Highway 
Mail Stop 82, Code 1812 
Lester, PA 19 1 13 
Telephone: (215) 595-0567 
Fax: (215) 595-0555 

Brian Helland 
Point of Contact - Engineer in Charge (EIC) 

0 Halliburton NUS Environmental Corporation 
187 Ballardvale Street 
Suite A-l 00 
Wilmington, Massachusetts 01887 
Telephone: (508) 658-7899 
Fax: (508) 658-7870 

Walter Martin, Project Manager 
Point of Contact 

Kayleen Jalkut 
Field Operations Leader 

Debra Scheib 
Pittsburgh, PA 
Quality Assurance/Quality Control Manager 

Matt Soltis 
Pittsburgh, PA 
Health and Safety Manager 

The Project Manager serves as the Halliburton NUS POC and has the primary responsibility for the 
management and conduct of the work. He is responsible for the coordination of all onsite personnel 
and for providing technical guidance for all activities that are directly related to the scope of work 
associated with this CTO. The review of all environmental data will be conducted by the Project 
Manager or his designee. If quality assurance issues requiring special action are identified, the Project 
Manager and the Project QA/QC Advisor will identify the appropriate corrective action. 

.- 

- 

- 
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All field work will be performed by a team composed of a Field Operations Leader (FOL) and Field 
Technicians, one of whom will also serve as the Site Safety Officer (SSO). The FOL will direct and 
participate in all field activities, and will report directly to the Project Manager. The SSO will report 
to the Health and Safety Officer (HSO) in connection with his SSO functions. 

An organizational chart illustrating lines of communication is shown in Figure 2-l. 

2.2.2 Remonsibilities 

Responsibilities of field operations personnel reporting to the Project Manager are discussed below. 

Field Operations Leader (FOLL. The FOL is responsible for all day-to-day aspects of the field work. The 
responsibilities of the FOL include: 

0 Assuring that all field team members are familiar with this document; ultimate 
responsibility for field operations, quality control, and documentation. 

0 Providing team members with daily assignments. 

0 Assuring that all field team members have completed health and safety training. 

0 Reporting to the Project Manager on a daily basis regarding the status of all field work 
and any problems encountered. 

0 Completing the site logbook on a daily basis. 

l Completing Field Modification Records (FMRs), as necessary, for approval by the 
Project Manager. 

0 Assuring that team members comply with the procedures outlined in the FSP, 
particularly documenting the sampling and groundwater level measuring activities. 

0 Assuring sample shipping schedules are met. 

Site Safetv Officer CSSO). The SSO reports to the Program Health and Safety Officer (HSO) and 
indirectly to the FOL and Project Manager. Details of the SSOs responsibilities are presented in the 
HASP and include: 

0 Controlling specific health and safety-related field operations such as personnel 
decontamination, monitoring of worker heat or cold stress, distribution of safety 
equipment,etc. 

l Assuring that field team personnel comply with all procedures established by the HASP. 

0 Identifying Assistant SSOs or SSO designees in his absence. 

l Terminating work if an imminent safety hazard, emergency situation, or other 
potentially dangerous situation is encountered. 
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0 Assuring the availability and the condition of health and safety monitoring equipment. 

l Assuring the proper Health and Safety monitoring equipment calibration methods and 
schedule is maintained and documented. 

2.3 SCHEDULE 

The target dates connected with the site investigation field activities follow. 

09 l3Ql93 
1 1 I1 2193 
12124193 
09/l 2194 
09/l 9194 
1 Q/03/94 
1 O/l 7194 
1 1 I1 1 I94 
01 IQ9195 
02/21/95 
03/l 2195 

Halliburton NUS notified of authorization to proceed 
Submit Draft Work Plan 
HNUS Receives Government Comments 
Submit Final Work Plan 
Initiate Subcontractor Procurements 
Complete Subcontractor Procurements 
Mobilize Field Crew 
Demobilize Field Crew 
Submit Draft Report 
HNUS Receives Government Comments 
Submit Final Report 
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3.0 FIELD SAMPLING PLAN 

This section provides the field sampling team with the direction necessary to meet the objectives of 
the sampling program. General field procedures and the activity sequence are discussed below. 

SAMPLING OBJECTIVE AND GENERAL PLAN 

The objective of this project is to implement a field sampling task to evaluate the presence of soil and 
groundwater contamination resulting from possible releases of petroleum products from USTs at NETC- 
Newport, Tank Farms 4 and 5. The data collected during this field task will be used to; evaluate the 
presence of petroleum related components in soil and groundwater adjacent to subject tanks; and to 
request additional closure extensions at the sites. Tank numbers 37 through 52, 54 and 55, and 57 
through 59 will be investigated by installing and sampling a groundwater monitoring well witihin each 
tank ring drain. In addition, piping connecting tanks with the Piping Loop at Tank Farm 4 will be 
investigated by advancinQ probes in the vicinity of the piping using a Geoprobe or similar technology 
to collect soil samples. A round of groundwater samples will be collected from seven wells previously 
installed by other contractors at tank 53; no new wells will be installed at tank 53. 

The investigation will include the installation of a groundwater monitoring well in the ring drain of each 
UST included in this investigation. The wells will be installed with an appropriately sized drill rig using 
standard hollow stem auger methods at a hydraulically downgradient location at each tank. The ring 
drain is a reported four foot thick layer of crushed stone which underlies each tank. The drains 
reportedly protrude from the edge of the USTs a distance of approximately three feet. A collector pipe 
is located within this portion of the ring drain. This feature is not well documented on construction 
documents; and the distance could be significantly more or less than three feet, making the placement 
of the monitoring well critical. 

The exact location of tanks and piping is not available on construction drawings or documents provided 
to HNUS. As soil samples and wells must be located in close proximity to the target structure, a 
geophysical survey will be conducted to determine the location of piping and the edges of tanks. A 
geophysical survey will be conducted to provide this information. This survey will be folIoweld-up by 
excavating selected features to confirm the effectiveness of the geophysical survey. 

The ring drain directly overlies bedrock, which was blasted and excavated during construction of the 
Tank Farms. The ring drain serves the function of a collector for groundwater; an associated sump 
pump removes grOUndWater from the drain to prevent the tank from becoming buoyant when empty. 
A release of petroleum product from the tank is likely to accumulate in the ring drain. A grounidwater 
monitoring well installed in the ring drain will therefore serve as a monitoring point for a release of 
product from the tank. 

A Geoprobe or equivalent technology will be used to collect soil samples to evaluate possible releases 
of product from piping (shunt lines1 which connects the individual USTs to the Piping Loop feeding the 
main base fuel supply pipeline. Approximately 40 probes will be advanced in the vicinity of the shunt 
lines at Tank Farm 4. Ancillary piping is also located adjacent to the fuel Loop and shunt lines. Among 
this piping is the Bottom Sediment and Water Line (ES&W). The BS&W line from the Piping L.oop to 
the oil-water separator at Tank Farm 4 will also be investiQated with the Geoprobe. The Navy will 
remove piping associated with tanks at Tank Farm 5, therefore, investigation of the lines will not be 
included at Tank Farm 5. The BMW lines are shown on the Site figures only where the lines are not 
coincident with fuel supply lines. Soil samples will also be collected with the Geoprobe in the vicinity 
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of the oil/water separators located at each Tank Farm. Up to 5 probes will be made at each oil and 
water separator and the BS&W line at Tank Farm 4. 

Soil samples will also be collected in conjunction with the Geoprobe investigation and the well 
installation. Groundwater samples will be collected from all newly installed wells. This sampling will 
investigate the presence of petroleum components in soils and groundwater in areas adjacent to the 
Tanks and associated piping. 

An Ensys Petro Rise immunoassay field screening kit will be utilized to semi-quantitatively determine 
the presence of petroleum hydrocarbons in soils. Samples containing the highest concentrations of 
petroleum hydrocarbons in each Geoprobe boring will be submitted to an analytical laboratory for 
analysis of Total Petroleum Hydrocarbons (TPH). Soil samples collected from well borings will be 
analyzed for volatile and semi-volatile organic compounds (VOCs and SVOCs), Total Petroleum 
Hydrocarbons (TPH), and the 8 RCRA metals. Groundwater collected from newly installed wells will 
be analyzed for the same parameters. 

Groundwater samples collected from wells adjacent to Tank 53 will be analyzed by an analytical 
laboratory for full VOCs, SVOCs, PesticideslPCBs, 8 RCRA metals, and TPH. 

Ceimic Laboratories was selected to conduct analytical work under this CTO. Ceimic is an approved 
NEESA laboratory with which HNUS has a Basic Ordering Agreement (BOA) in place. 

Following sampling activities, a subcontracted survey crew will conduct a land survey to establish 
horizontal and vertical control and locate all newly installed wells. The survey subcontractor will 
provide maps of Tank Farms 4 and 5 which will be used as base maps for subsequent reporting to the 
Navy. 

3.1 .I Research - Task 0110 

Research was conducted as part of the preparation of this document to locate records concerning the 
locations of active and inactive underground utilities at the sites that could provide migration pathways 
or otherwise impact remedial activities. This information was compiled from site drawings provided 
by NETC-Newport and is presented in Figures 3-l and 3-2 (see map pockets at the end of this section). 
These drawings are not to replace “Digsafe”, which will be consulted, along with other appropriate 

base offices, prior to conducting any intrusive work at the sites. 

No attempt was made to research construction documents to evaluate the potential for each utility line 
to act as a preferential contaminant pathway. However, it is assumed that backfill around any of the 
utilities can act as a preferential contaminant pathway. Further research and evaluation will be 
considered based on results of this investigation. 

- 

One significant discrepancy was noted during a review of tank construction documents. An outside 
tank diameter of 68’8” is indicated by the specification of a 34’8” radius for bending and forming 
reinforcement bands installed on the circumference of each tank. The diameter of the tanks was 
originally reported to be approximately 1 19 feet. The investigation includes a survey to more precisely 
locate the edges of the USTs, and this discrepancy will be addressed during this phase of the work. _- 

Available construction documents and excerpts from a tank report describing installation of tanks at 
Tank Farm 3 and 5 are included in Appendix D. Document research will continue during field 

operations. 
- 
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3.2 MOBILIZATIONlDEMOBILlZATlON - INCLUDED IN TASK 0220 

All field team members will review the FSP, and the Health and Safety Plan (HASP) which is ilncluded 
in Appendix A. In addition, a field team orientation meeting will be held to familiarize personnel with 
the scope of the field work. It is estimated that the field work will take approximately four weeks to 
complete. A survey crew will be subcontracted to provide topographical and site survey seWices at 
the completion of sampling activities. Demobilization will occur after all activities have been 

completed. 

GEOPHYSICAL SURVEY - TASK 0210 

A GPR survey and/or magnetic utility locator survey will be conducted at each of the 21 tanks 
addressed in this investigation to determine the location of the edge of each tank in the vicinity of the 
proposed well (Figure 3-3 and 3-4); and the location and approximate depth of the associate’d piping 
to be investigated by Geoprobe borings. The information will be used to accurately locate boreholes 
in proximity to tanks and piping. 

GPR systems transmit an electromagnetic pulse into the ground and electrical contrasts in the 
subsurface cause some of the pulse to be reflected back to the receiver. This returned pulse is 
recorded as a function of the velocity and depth of penetration of the pulse. The density of materials 
affects the velocity of the wave in the subsurface; therefore more dense materials (concrete) can be 
distinguished from less dense materials (unsaturated sands). Anomalies are the result of a large 
percentage of the signal being reflected back to the receiver from a discrete GPR “reflector”. 
Generally, good conductors, such as metal drums and steel reinforced concrete, reflect most or all of 
the electromagnetic pulse, resulting in an anomaly. 

Utility locators measure the changes in magnetic field across a target area. Increases in magnetic 
intensity indicate the presence of a buried magnetic body, in this case the steel reinforcing pan present 
in the concrete tank walls. Utility locators are capable of precisely locating magnetic objects and will 
be tested at the Tank Farms. 

Interpretation of the geophysical record can locate subsurface structures, with sufficient accuracy for 
the purposes of this investigation provided the target is within the effective depth of penetration. It 
is assumed for the purposes of this investigation that the geophysical targets, the tanks and piping, 
are within the effective operating depth of the geophysical systems operating at standard 
configurations, although, definitive documentation showing the depth to the piping is not presently 
available. The effective depth of penetration for GPR under these field conditions, and consiidering a 
target of a concrete reinforced pipe, is approximately 10 to 15 feet. Frequencies ranging from 300 
to 600 megahertz will be tested and field checked by excavation to determine the most effective 
survey frequency. Magnetic Utility Locators are effective to a depth of 15 to 20 feet. 

The geophysical methods will be field tested by conducting two to three profiles in the vicinity of the 
downgradient edge of one tank. The resulting anomaly, the interpreted edge of the tank, will be 
excavated with an excavator (backhoe) to confirm the source and accuracy of the anomaly. Further 
geophysical surveying will be reevaluated and the survey redesigned, if necessary, based on these 
initial results. Geophysical services will be terminated if the tank edge cannot be interpreted from the 
geophysical records to within two feet of actual locations, based on visual observation of the target 
after excavation. The excavator may be retained to continue to locate tanks, and the best available 
data will be utilized to locate piping runs. 
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Geophysical methods will also be tested over the piping runs. Anomalies resulting from cylindrical steel 

reinforced targets are distinctive and, if present are easily interpreted. Because anomalies are expected 
to be distinctive, they will not be excavated to avoid damage to piping. The geophysical survey will 
be terminated after the field test if distinctive anomalies are not generated and the best available data 
will be utilized to locate piping. If the field test demonstrates geophysics will be useful in locating the 
piping two to three profiles will be conducted over each piping run. 

3.4 SUBSURFACE INVESTIGATION - TASK 0220 

The subsurface investigation will be conducted in two phases; a groundwater well installation phase 
and a Geoprobe soil sampling phase. Monitoring well and probe locations will be selected based on 

results of the GPR survey described in Section 3.3. Twenty-one (21) groundwater monitoring wells 
will be installed. 

Subcontractors will be procured to conduct the intrusive work. 

Soil Borinqs for Monitorina Well Installations 

Borings will be advanced within several feet of operating tank ring drain collector pipes. Tlhere is a 
possibility of damaging a pipe while advancing a boring. Precautions will be taken during the 
advancement of the borings to minimize the possibility of damage. Neither HNUS, nor its 

subcontractors, will be responsible for damages to ring drain installations. 

The wells will be installed in boreholes advanced with hollow stem auger drilling methods. Minimum 
6 l/4 inch inside diameter by nominal ten (10) inch outside diameter hollow stem augers will be used 
to advance the borings. No drill fluids will be used, except for the use of potable water to control 
running sands. 

3.4.2 Soil Samolinq in Monitorinq Well Borinas 

Soil sampling will be conducted in each borehole beginning below the water table, which is, present 
at the site at approximately 15 feet below ground surface. Releases from tanks occurring above the 
water table will migrate vertically downward to the water table where evidence of the release will be 
detected in soils and possibly groundwater. Continuous split-barrel sampling will be conducted in each 
boring from 20 feet below the ground surface to the estimated end of the boring, 45 feet. Two or 
three inch diameter split spoons will be used. Standard penetration tests may not comply with 
requirements of ASTM-D-1586-84, as this data is not significant to this investigation. Soil samples 
will be described and documented by a HNUS on site geologist or engineer according to the Unified 
Soil Classification System. Soil descriptions, and other significant information, will be included on . 
boring logs which will be included in the final report. Soil samples will be stored by HNUS only until 
the completion of field work. The Navy will be consulted concerning the disposition of the soil samples 
prior to the completion of field work. 

Soil samples collected from deeper than 20 feet below ground surface will be screened using the Ensys 
Petro Rise field screening kit to determine the concentration of petroleum components in these soils. 
Soil samples will be collected at five foot intervals, below 20 feet deep, to the estimated end of boring, 
45 feet, for field screening with the Ensys kit. One soil sample containing the highest concentration 
of petroleum components as determined by the Ensys kit will be selected from each bolring and 
submitted to Ceimic Laboratories for analyses. If no positive detects of TPH are noted, the solil interval 
corresponding with the ring drain will be shipped to the lab for analysis. 
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3.4.3 Monitorina Well Installation 

Groundwater monitoring wells will be installed in borings advanced at the downgradient location of 
each UST included in this investigation. Well screens will be five feet long and installed within the ring 
drain materials or adjacent to the ring drain materials. If the borehole does not intersect the ring drain 
materials, the well screen will be set at a depth corresponding to the depth of the ring drain. The RPM 
will be notified if this condition is encountered. In no case will borings be advanced into bedrock. 
Auger refusal at a depth corresponding to the anticipated bottom of the ring drain materials will be 
interpreted as the bedrock surface. If subsurface conditions or the presence of contaminants is noted 
in zones other than the ring drain, the Navy RPM will be contacted to discuss an alternative well screen 
location. 

The proposed well construction details are shown in Figure 3-5. General construction methods and 
well materials will be standardized for this project. 

Monitoring wells will be constructed through the hollow stem augers. The augers will be withdrawn 
from the boring in increments during the placement of well materials to avoid caving of the borehole 
wall. Monitoring wells will be constructed of nominal four inch inside diameter, flush joint, threaded 
Schedule 40 PVC pipe and factory-slotted nominal 0.010 inch well screens. The bottom of the screen 
will be plugged with a threaded well cap and the top of the riser will be equipped with a loose fitting 
cap to allow venting. 

The geologic unit will be visually evaluated for grain size distribution and sand pack will be 
appropriately sized for the existing geologic conditions. The sand pack will be placed around the well 
screen to at least two feet above the five foot long screen. A bentonite pellet seal at least two feet 
thick will be placed immediately above the sand pack. The interval above the bentonite pellet seal to 
approximately four feet below the ground surface will be backfilled with a mixture of bentonite grout 
and sand. A one foot thick layer of clean quartz sand (such as that used for the filter pack) will be 
added to serve as a drainage layer beneath the protective casing. This minimizes the possibility of 
water collecting in the annular space between the casing and the riser. During the winter weather, 
water collecting in this annular space can freeze, resulting in binding the protective casing to the riser. 
Subsequently, frost heaving of the installation can damage the well which has frozen to the casing. 

A five foot long, minimum six inch inside diameter locking steel casing will be installed over the PVC 
well pipe. A weep hole will be drilled in the protective casing at the ground surface. Cement grout 
with vertical sides will be installed around the outside of the protective casing and the well number 
inscribed in the concrete. The vertical sided cement grout seal will minimize frost heaving of the 

casing. 

Monitoring wells will be developed a minimum of one day after installation. Development will be 
conducted using a combination of pumping and surging. The wells will be pumped until the formation 
water is relatively free of fines. The standard well development criteria of stabilizing the pH may not 
be feasible at this site, as a large volume of concrete is present below the water table and may affect 
the pH of the groundwater system. The pH, however, will be monitored. Temperature, specific 
conductivity and turbidity will be monitored during the development process. Wells will be purged until 
these parameters stabilize or for a maximum time of four hours each. 

- 

- 

- 

Parameters to be analyzed include VOCs, method 8240; SVOCs, method 8270; TPH, method 8015; 
and the 8 RCRA metals. Additional information pertaining to sample handling, analytical methods and 
QA/QC requirements are provided in Section 4.0. 
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3.4.4 Geowobe lnvestioation 

This task is scoped to use the Geoprobe system (or equivalent) to advance probes in order to collect 
soil samples in the proximity of the piping runs connecting individual USTs to the Piping Loop. This 
work will be conducted by a subcontractor, and therefore, costing will be requested from vendors 
capable of providing a variety of technologies. For this reason, specific equipment operations will not 
be discussed in this section. 

Geoprobe investigations will be conducted in proximity of shunt lines at Tank Farm 4, in the vicinity 
of the oil/water separators at Tank Farms 4 and 5, and in the vicinity of bottom sediment and water 
lines in proximity to the oil/water separators. Piping Loops will not be investigated. 

The probe locations will be selected using the data provided by the geophysical survey described in 
Section 3.3 and will be advanced using standard operating techniques of the system utilized. As is 
practical, probes will be located in the downgradient direction from each piping run. Probes will be 
advanced below ground surface to a depth of three feet (as interpreted from the geophysical data, or 
best available data) beneath the piping. If the interpreted depth to the piping is beyond the capabilities 
of the contracted system, this task will be reevaluated. 

The objective of this task is to provide soil samples to evaluate the presence of petroleum components 
in the soils in the vicinity of the piping and oil/water separators. Continuous soil samples will be 
collected at the same depth below ground surface as the piping is installed, to a depth of three feet 
below the piping installation. These samples will be field screened with an Ensys Petro Rise kit for the 
presence of petroleum hydrocarbon components. This procedure is discussed in a following section. 
One soil sample from each boring, the sample containing the highest concentration of petroleum 
hydrocarbon components as determined by the Petro Rise kit, will be analyzed by Ceimic Laboratories 
for TPH using EPA method 8015. If no positive detects of TPH are noted, a sample from a lower 
elevation than the piping will be shipped to the lab for analysis. 

A total of 60 probings are anticipated, distributed among all the piping runs and oil/water separators. 
Approximately 60 soil samples, one from each probing, will be analyzed by Ceimic Laboratories using 
method 8015. 

3.5 GROUNDWATER SAMPLE COLLECTION - TASK 0230 

Sampling and analysis of groundwater will be conducted in the 21 newly installed wells and in seven 
(7) existing wells in the vicinity of Tank 53. Table 4-1 provides applicable analytical parameters to be 
sampled. Section 4.0 provides additional detail concerning the groundwater sample handling, 
preservation, and analytical procedures. 

Work elements for this task include: 

- 

- 

- 

- 

0 Noting and measuring floating product, if present 
0 Measuring water levels in wells prior to purging 
l Documenting pH, temperature, specific conductance and turbidity 
0 Purging wells with a pump or bailer 
0 Collecting groundwater samples 
0 Documenting, packing and shipping samples for analysis 
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Prior to collection of groundwater samples, the presence of floating product in the wells will be 
determined with the use of a ORS probe (or equivalent). The presence of product will be noted, and 
if appropriate, the thickness measured. 

The wells will then be purged using PVC bailers or chemically resistant pumps. Three to five well 
volumes of water will be purged from each well before sampling. If the wells are purged dry vvith less 
than three well volumes removed, the water level in the well will be allowed to recover to at least 70 
percent prior to collecting a sample. In the event that sampling is slow, samples will be collected the 

following day. However, a period of no longer than 24 hours after purging will be allowed for 
sampling. Temperature measurements will be collected during purging to determine stabilization of 
water chemistry prior to sampling. The wells will be sampled when temperature, specific conductance, 
and turbidity have stabilized. 

Samples will be poured directly from the sampling device to the sample bottles, preserved according 
to the requirements discussed in Section 4.0 and submitted for analysis. Appropriate field data will 
be recorded and chain-of-custody procedures will be followed. 

3.6 SURVEY - TASK 0240 

A location survey will be conducted to establish relative locations and elevations of wells installed 
under Task 0220. A subcontractor will conduct this task. The survey will be tied into either the State 
of Rhode Island or USGS grid systems. Horizontal and vertical measurements will be made relative to 
existing wells or on-site control points. Measurements will be established to within + /-0.1 foot 
horizontally, and + LO.01 foot vertically. 

HNUS will provide full time field oversight for the survey subcontractor. 

3.7 GENERAL FIELD PROCEDURES 

3.7.1 SamDIe Desisnation Svstem 

Field samples collected from both sites, Tank Farms 4 and 5, will be assigned a unique field sample 
tracking number. Sample numbers will be keyed to specific tanks in each tank farm. The sample 
tracking number will consist of a five-segment alphanumeric code that identifies the sample matrix, 
the site and sample location, sample depth, and the quality control (QC) identifier. Other plertinent 
information regarding sample identification will be recorded in the field logbook or on sample log 
sheets. 

The alphanumeric coding to be used in the sample numbering system is explained in the following 
diagram and the subsequent definitions: 

AA = (Matrix) 
TFN-AA-NN = (Sample location, site identifier - borehole/probe - number) 
NN = (Sample depth) 
A = (QC identifier) 

Character type: A = Alpha 
N = Numeric 

Matrix: SO = Soil 
GW = Groundwater 
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Sample location: Sample locations will be identified by specific tank farm and borehole or groundwater 
monitoring well number. Two alpha characters will indicate the specific tank farm; a pair of numeric 
characters will be assigned to correspond with individual tank numbers so that location is identifiable 
from all other locations of a similar type. 

TF-4 = Tank Farm 4 
TF-5 = Tank Farm 5 
B = Borehole (subsequent monitoring well installation) 
P = Probe 

Sample identifier: Depth in feet below ground surface representing the top of the interval sample was 
collected. 

QC Identifier: The QC identifier will be assigned only when applicable. The following identifiers will 
be utilized. 

D = Field Duplicate 
R = Equipment Rinsate Blank 
F = Field Blank 
T = Trip Blank 

Example: A soil sample collected from 2 to 4 feet below ground surface from a boring located in Tank 
Farm 4, adjacent to tank number 39 will be numbered: 

SO-TF4-B-39-02 

3.7.2 TPH Field Screenins 

An Ensys Petro Rise petroleum field screening immunoassay kit will be used to preliminarily 
characterize soils at Tank Farms 4 and 5. Soil samples from both monitoring well borings and probes 
in the vicinity of piping will be screened using this method. Field technicians trained in the process will 
conduct the field screening according to established industry and manufacturer recommended 
procedures. The manufacturer’s operating manual is included in Appendix B. 

3.7.3 Decontamination Procedures 

All non-disposable sampling equipment which comes in contact with the sample medium will be 
decontaminated before each sample to prevent cross contamination between sampling points. For 
sampling equipment that will come in contact with the sample such as trowels and split spoons, the 
following decontamination sequence will be followed: 

l Potable water and detergent (Alconox or Liquidnox) wash (scrub equipment with brush) 
0 Potable water rinse 
0 Methanol rinse 
l Distilled/deionized water rinse 
0 Air dry (temperature permitting) 
0 Wrap sampling device in clean aluminum foil (dull side towards equipment 

- 

The methanol rinse will not be conducted on sample equipment while collecting soils analyzed for TPH. 
Residual methanol on sample tool may be entrained in the soil sample and result in false positive TPH 
detects. 
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A glove wash station will be utilized to decontaminate gloves between soil sample locations. 

3.7.4 lnvestiqative Derived Waste (IDW) Disnosal 

Disposable items such as Personal Protective Equipment (PPE) materials, and plastic sheeting will be 
decontaminated and containerized for off-site disposal. Decontaminated PPE will be disposed in an 
industrial dumpster by HNUS. 

Soil cuttings generated by augering will be temporarily stored on plastic sheeting, labeled, and covered. 
If no positive detects of TPH are noted in the field screening, the soils will be disposed on the ground 
surface. If a positive detect of TPH is noted, the soils will be containerized within 24 hours in DOT 
approved drums for further evaluation by the Navy. 

Well development and purge water will be visually inspected for the presence of sheens or floating 
product. If none are observed, the water will be disposed on the ground surface near the point of 
origin. If sheens are observed, the water will be containerized in DOT approved drums for further 
evaluation by the Navy. 

If sheens are noted on decontamination fluids, the fluids will be containerized for further evaluation by 
the Navy. All IDW requiring containerization will be stored on-site in DOT approved drums and remain 
the responsibility of the Navy. 

3.7.5 Field Custodv Procedures for Samples 

The Field Operations Leader (FOL) is responsible for the care and custody of the samples collected until 
they are either delivered to the analyzing laboratory or are entrusted to a carrier for shipment to the 
laboratory. Sample logs and other field records shall always be signed and dated. 

Chain-of-custody sample forms shall be completed to the fullest extent possible prior to sample 
shipment. The forms shall include the following information: 

Project Name 
Sample Number 
Location of the sample collection point 
Description of the sample location 
Type of sample (grab, composite, etc) 
Name of the person collecting the sample 
Number of containers 
Type of sample container 
Remarks 

The chain-of-custody form will be completed legibly using waterproof ink and will be signed by the 
sampler. Similar information will be provided on the sample label which will be securely attached to 
the sample bottle. The label will also include a description of the analyses to be conducted on the 
sample. 

3.7.6 Transfer of Custodv and Shipment Procedures 

When shipped, samples will be accompanied by a chain-of-custody record. Sample chain-ofcustody 
will be maintained by HNUS personnel until relinquished to a courier. The original of the record will 
be retained by HNUS field personnel. 
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- 

3.7.7 SamDIe Shippina Procedures 

Samples will be shipped in containers that meet all applicable state and Federal standards for safe 
shipment. Samples requiring refrigeration will be stored on ice. Ice will be sealed in containers to 
prevent leakage of water. The field chain-of-custody forms will be placed inside the shipping container. 

- 

3-13 



GENERAL DIRECTION OF GROUNDWATER FLOW

FIRE HYDRANT

UNDERGROUND TANK

FUEL LINE

WATERLINE

UNDERGROUND DUCT LINE (ELECTRIC & OTHERS)

UNDERGROUND DUCT LINE (LOCATION UNKNOWN)

ELECTRIC CABLE

TELEPHONE CABLE

TELEPHONE and ALARM

SEWER LINE

24" ACTIVE GASOLINE SUPPLY LINE

BUILDING

FIGURE 3-2 1

~~Halliburton NUS
~Z'CORPORATION

THIS MAP WAS PREPARED TO EVALUATE THE
POTENTIAL FOR MIGRATION OF CONTAMINANTS
TO OCCUR ALONG UTILITY CORRIDORS. THIS MAP
MAY NOT ACCURATELY PORTRAY THE LOCATION
OF UTLITIES AND MAY NOT BE USED AS A
SUBSTITUTE FOR RESEARCHING DIGSAFE PRIOR
TO INITIATING INTRUSIVE INVESTIGATIONS.

NOTE:

LOCATION OF EXISTING UNDERGROUND UTILITIES
ARE APPROXIMATE AND HAVE BEEN LOCATED
FROM AVAILABLE INFORMATION PROVIDED BY
NETC - NEWPORT.

THE STATUS OF UTILITIES ARE NOT KNOWN AT
THIS TIME. ALTHOUGH FUEL OR WATER LINES
MAY HAVE BEEN DEACTIVATED, THESE LINES
MAY CONTAIN FLUIDS.

T T

D

G

-5 S-

• • • •

o
17 NOV 93

o

REV.:

DATE:

WORK PLAN

o

/
/

/
/

/

I

I
I

I
I

I

"I
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

_J
IS' ---- \'\ .-- \

Y\ _-----\+---\- \.--..----1---- J' __

\
I \

S \

/'~
~// ~)

Sys/
)7)

s/

/

/
/

/
./

W. MARTIN

R. SARGENT

/
/

NETC - NEWPORT, RI

DRAWN BY:

CHECKED BY:

APPROXIMATE UNDERGROUND UTIUTY LOCATIONS (TANK FARM 5)

--

/
/

-----

58
c(

GENERAL DIRECTION
OF GROUNDWATER FLOW

.--::--

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

_------ I------ -~--l_.--- ~ 1--_
/ ---I

I
I

I
I

I
I

I
I

I
I

----

----
:.---------- /
/

/

I

\

\

I

I

\

\

\

\

\

I

I

\

J.-'-'

51/
/

B

OIL/WATER
SEPARATOR

-- -:::-- -
. \ :;:::;..- -------
\ ' - --

I h -- --- ---- - -
\

'\ _ ~-t - -_ - --.- -
L- - -'\\::- / -

GRAPHIC SCALE

100 a 50 100 200 400

~~I~Iiiiiiiiiiiiiiliiiiiiiii'~~~~1
( IN FEET)

1 inch = 100 feet

>.----

/

/

1/
. I

//
. I

1/
. I

//
I

//
//

. I

//
. I

/ I
. I

1/
I

. I
I I

. I

//
I

1/
. I

'y I

/' ;\
I I '"I

I '"

" '"
" '"" '"" .",

'-:"

"''''" '" '" '" '- .-----"
'" '" '"

'" '"
,0",

/

/

I
I

.:::0

531

/

/

r
I

I
I

I
I

I
I

I
j-_ I

/ -....... /
/ ............ /

/ .................... I
I --/

I

/

.-'.--

/

/

/

/

/

I
I I

. I

1/
I

1/ /
I I

1 I I
. I I

// /
I I

1/ /
I I

I I I
. I I

I II II
I I

1/ I
I I

II /_
. I I _

11/ . - _. -:/-

1/_· - I
--I' I

/ I I
. I I

1/ /
. I I

/ II /................. II
I I ',I

I I I "
. I / ..............

/ ;/ II ....................
/ / ................

1
1

/ / ........................
I ,

. / I ........

I / '" , ,
I "

',,(,
. , ,

" I
" I

" I, I
, I

..........................~ II

~ I
, I

" I
" I, I

" I
" I, I

"'. 1/'.z , , , , , , , , , , , , , , , , , , , , ,
"- ,

.............. _-

SCALE: 1" = 100' PROJECT NO.: 0288 eTO #143:
187 Ballardvale SI. Wilmington. MA 01887 (508)658-7899



4.0 QUALITY ASSURANCE/QUALITY CONTROL 

This section provides technical guidelines and procedures for conducting the site assessment at the 
Fuel Farm site. This document references the Halliburton NUS Standard Operating Procedures (SOPS) 
for specific protocols pertaining to individual procedures discussed in Sections 3.0 and 4.0. 

4.1 PROJECT DESCRIPTION 

A description of the project covered by this document is provided in Section 1 .O. 

4.2 PROJECT ORGANIZATION AND RESPONSIBl,LITY 

The project organization is discussed under Section 2.2.1 of this document. Personnel responsibilities 
are discussed under Section 2.2.2. 

4.3 QUALITY ASSURANCE OBJECTIVES 

This document covers investigatory sampling at two tank farms, “Tank Farm 4” and “Tank Farm 5”. 
The objectives of this sampling are to provide sufficient data to determine the presence of petroleum 
hydrocarbon contamination in these areas and to provide preliminary waste characterization data for 
future site evaluation. To accomplish these objectives, two types of samples are to be collected: 

0 Field-screening samples for petroleum hydrocarbon contamination (soils) 
0 Laboratory-analyzed samples for petroleum hydrocarbon contamination (soils and 

waters) 

Achieving the above described objectives requires that the data collected from the field conform to an 
appropriate level of quality. The quality of a data set is measured by certain characteristics of the 
data, namely the PARCC parameters, precision and accuracy, representativeness, completeness, and 
comparability. Some of the parameters are expressed quantitatively, while others are expressed 
qualitatively. The PARCC goals for a particular project are determined by the intended use of the data, 
usually referred to as Data Quality Objectives (DQOs). DQOs are discussed in Section 4.3.1; the 
PARCC parameters are discussed in Section 4.3.2. 

4.3.1 Data Qualitv Obiectives 

The intended use of the data resulting from a field investigation is a determining factor in defining the 
Data Quality Objective (DO01 for that data. As described by the Naval Energy and Environmental 
Support Activity (NEESA), in the guidance document entitled “Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration Program” (NEESA, June 1988), .the Navy 
has adopted three analytical quality levels (C, D, and E) corresponding to EPA quality levelIs III, IV, 
and V, respectively as described in the EPA document “Data Quality Objectives for Remedial Response 
Activities Development Process” (EPA/540/G-87/003, March 1987). The analytical data repolrts to be 
generated for those samples which undergo laboratory analysis will conform with NEESA data quality 
Level C requirements. 

4.3.2 PARCC Parameters 

The precision and accuracy, representativeness, completeness, and comparability (PARCC) goals for 
the work covered by this document are discussed in the following sections. 
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4.3.2.1 Precision and Accuracy 

Field and laboratory precision and accuracy performance can affect the attainment of project 
objectives, particularly when compliance with established criteria is based on laboratory analysis of 
environmental samples. 

Analytical precision and accuracy are evaluated based upon the laboratory data. Analytical precision 
is measured as the relative percent difference of the data from the laboratory (internal) duplicates. 
Analytical accuracy measures the bias as the percent recovery from matrix spike and matrix spike 
duplicate samples. The samples will be analyzed using SW-846 protocols. 

Field sampling precision and accuracy are not easily measured. Field contamination, sample 
preservation, and sample handling will affect precision and accuracy. By following the appropriate 
Halliburton NUS Standard Operating Procedures, precision and accuracy errors associated with field 
activities can be minimized. Field duplicates and blanks (field and rinsate) will be used to estimate field 
sampling precision and accuracy for soil and water samples submitted for laboratory analysis of 
petroleum hydrocarbons. 

No project resources will be expended to develop precision and accuracy data for method (field or 
analytical) validation except those commonly applied for collection of routine QA/QC data. Routine 
QA/QC data will include analyses of field duplicates and field quality control blanks based on the 
existing NEESA guidance that specifies the type and frequency of QA/QC sampling and analysis. 
QA/QC samples will not be collected for field-screening samples. 

Field duplicate and field and laboratory quality control blank analyses results will be used to review the 
laboratory-analyzed petroleum hydrocarbon results and determine the useability of the data with 
respect to its intended use. In general, results that are rejected by the data review process will be 
disqualified from application to the intended use. Qualified data will be used to the greatest extent 
practicable. 

4.3.2.2 Representativeness 

Representativeness describes the degree to which analytical data accurately and precisely define the 
population being measured. Several elements of the sampling and sample handling process must be 
controlled to maximize the representativeness of the analytical data (e.g., appropriate number of 
samples collected, physical state of the samples, site specific factors, sampling equipment, containers, 
sample preservation and storage, holding times, sample identity and chain-of-custody will be defined 
to assure that the samples analyzed represent the population being measured). The sampling program 
is designed to provide analytical data that is representative of the existing contaminant levels. 

Representativeness of data is also affected by sampling techniques. Sampling techniques are described 

in Section 3 and in the Halliburton NUS Standard Operating Procedures included in Appendix C. 

4.3.2.3 Completeness 

Completeness describes the amount of data generated that meets the objectives for precision, 
accuracy, and representativeness versus the amount of data expected to be obtained. For relatively 
clean, homogeneous matrices, 100 percent completeness is expected. However, as matrix complexity 
and heterogeneity increase, completeness may decrease. Where analysis is precluded or where data 

quality objectives are compromised, effects on the overall investigation must be considered. Whether 
or not any particular sample is critical to the investigation will be evaluated in terms of the sample 
location, the parameter in question, the intended data use, and the risk associated with the error. 

- 
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The sampling and analysis program for the site is sufficiently broad in scope to prevent a single data 
point or parameter from jeopardizing attainment of the monitoring objectives. Each medium is critical 
to the assessment of contaminant migration. Consequently, there exists some critical data requirement 
below which the objectives of the monitoring program will be compromised. 

Critical data points may not be evaluated until all the analytical results are evaluated. Additionally, 
several sampling points, in aggregate, may be considered to be critical either by location or by analysis. 
If in the evaluation of laboratory results it becomes apparent that the data for a specific medium are 
of insufficient quality, either with respect to the number of samples or an individual analysis, a 
subsequent sampling event may be necessary. 

For the purposes of this effort, 90 percent is established as the minimum acceptable level of 
completeness. A data point shall be determined to contribute to the completeness of the data set if 
the information provided is meaningful, useful and contributes to the project objectives. 

4.3.2.4 Comparability 

One of the objectives of this document is to provide analytical data that is characterized by a level of 
quality that is comparable between sampling points. By specifying the use of standard analytical 
procedures in addition to standardizing field sampling procedures by employing Halliburton NUS SOPS, 
the potential for variables to affect the final data quality will have been effectively minimized. 
Analytical methods for this work are shown in Table 4-1, and Halliburton NUS SOPS appear in 
Appendix C. 

4.3.3 Qualitv Control Samples 

Field quality control (QC) samples will be collected only for the soil and water samples which are to 
undergo laboratory analysis. Field QC samples will not be collected for field-screening soil samples. 
QC samples to be collected during the sampling effort are identified below, and include field duplicates, 
source water field blanks, equipment rinsate blanks, and trip blanks. Each type of field quality control 
sample defined below will undergo the same preservation, holding times, etc., as the field samples. 
Table 4-l presents a summary of these QC samples to be collected during this field sampling event. 

4.3.3.1 Field Duplicates 

Field Duplicates will be submitted at the rate of one for every 10 samples, per matrix (one for every 
20 for TPH). Field personnel will note on the Sample Log Sheet and in the Logbook which samples are 
field duplicates. However, the field duplicates will be sent “blind” to the laboratory, therefore, no 
designation for duplicate samples will be noted on the sample labels or the Chain-of-Custody Forms. 

Field personnel will note in the remarks block on the Chain-of-Custody Form which of the samples is 
to be used for internal laboratory matrix spike/matrix spike duplicate analysis. Soil field duplicates are 
collected by splitting split-spoon samples lengthwise and transferring each half into separate 
containers. Groundwater field duplicates are collected by filling all of the bottles for one sample then 
filling all of the bottles for the other sample. Field duplicates provide precision information regarding 
homogeneity, handling, shipping, storing, preparation, and analysis. 
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TABLE 4-l 
FIELD QUALITY CONTROL SAMPLE SUMMARY 

CT0 143 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

Newly Newly 
Installed Ring Installed Ring 
Drain Wells Drain Wells 

P P 
P P 

Existing Wells Existing Wells 
(Tank 53) (Tank 53) 

Geoprobe Geoprobe 

Total Number Total Number 
of Analyses of Analyses 

EQUIPMENT 
RINSATE 
BLANKS 

FIELD TRIP TOTAL 
BLANKS BLANKS QUANTITY 

SAMPLE 
TYPE MATRIX ANALYSIS 

FIELD FIELD 
SAMPLES* DUPLICATES 

** ** 23 
23 
23 

Soil VOC SW18240 21 2 
SVOC SW/8270 21 2 
RCRA Metals 21 2 

2 
2 
2 

4 33 
28 
27 

Water VOC SW/8240 21 2 
SVOC SW/8270 21 2 
RCRA Metals 21 2 

11 
9 
9 
9 
9 

Water VOC SW/8240 7 1 
SVOC SW/8270 7 1 
RCRA Metals 7 1 
Pest/PCB SW/8080 7 1 
TPH SW/801 5 7 1 

2 

Soil I TPH SW/801 5 I 60 I 3 63 

Water I TPH SW/80 15 I 0 I 0 3 0 3 

221 20 17 6 6 270 

* One field sample shall be collected in triple volume for the laboratory matrix spike/matrix spike duplicate (MS/MSD) sample at the rate of one per 
twenty field samples, per matrix, per analysis. This sample should be designated “MS/MSD” in the “Remarks” section of the Chain-of-Custody Form. 

** Equipment rinsate and field blanks collected during soil sampling are aqueous samples and are included under the “Water” category. 

I 1 I I I I 1 I I I / I I I I 
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4.3.3.2 Field Blanks 

Field Blanks will consist of the source water used in steam cleaning drilling tools and analyte-free 
deionized water used to decontaminate hand tools. Field blanks will be prepared at the rate of one per 
source of water per sampling event. 

4.3.3.3 Rinsate Blanks 

Rinsate blanks are obtained under representative field conditions by running analyte-free deionized 
water through sample collection equipment after decontamination, and placing it in the appropriate 
sample containers for analysis. These samples are used to assess the effectiveness of 
decontamination procedures. Rinsate blanks will be prepared at the rate of one per day per 20 samples 
per matrix. 

4.3.3.4 Trip Blanks 

Trip blanks are used to detect potential contamination by volatile organic compounds (VOCs) during 
sample shipping and handling. Trip blanks consist of 40-ml volatile organic analysis (VOA) vials filled 
with water that is known to be free of VOCs. The vials are transported to the sampling site, and 
returned to the laboratory with the VOA samples. Each trip blank is stored and analyzed with 
associated samples at the laboratory. Trip blanks are only analyzed for VOCs. Trip blanks must be 
sent with both water and soil samples; however, they are always analyzed and reported as water 
samples. 

4.4 SAMPLING PROCEDURES 

Field sampling will be conducted in accordance with Section 3.0 of this document and the Halliburton 
NUS SOPS presented in Appendix C. Allowable sample holding times and preservation requirements 
are shown in Table 4-2. 

4.5 SAMPLE CUSTODY 

The custody of field samples will be maintained, recorded and tracked in accordance with Section 3.0 
of this document and the Halliburton NUS SOPS given in Appendix C. 

4.6 CALIBRATION PROCEDURES 

Field equipment normally requiring calibration will be calibrated and operated in accordance with the 
manufacturer’s instructions and manuals. A log will be kept documenting the calibration results for 
each field instrument. 

Calibration procedures for laboratory equipment used in the analysis of environmental samples will be 
performed in accordance with NEESA requirements (i.e., CLP requirements for NEESA level C, and the 
laboratory’s quality assurance plan). 
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TABLE 4-2 
MAXIMUM SAMPLE HOLDING TIMES AND PRESERVATION 

CT0 143 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

ANALYTE 

Volatile Organic 
Compounds (VOCs) 

Semivolatile 
Organic Compounds 
(SVOCS) 

Pesticide/PCBs 
(Pest/PCBI 

MAXIMUM HOLDING TIME”’ 

14 days 

7 days 

14 days 

7 days to extraction, 
40 days from extraction 

to analysis 

PRESERVATIVE 

Cool to 4OC 

Cool to 4OC 

Cool to 4OC anJ HCI to pH I 2 

Cool to 4OC 

MATRIX 

Soil 

Water 

Soil 

Water 

GENERAL SAMPLE ‘*I 
CONTAINER REQUIREMENTS 

2 4-0~ clear glass/teflon septum 

2 40-ml clear glass/teflon 
septum 

1 8-0~ amber glass/teflon lined 
lid 

2 80-0~ amber glass/teflon lined 

cap 

RCRA Metals 6 months Cool to 4OC Soil 

Total Petroleum 
Hydrocarbons 

(TPHI 

14 days 

Cool to 4OC ancJ 
HNO, to pH I 2 

Cool to 4OC 

Water 

Soil 

Water 

1 8-0~ amber glass/teflon lined 
lid 

1 1 -liter polyethylene bottle/ 
plastic cap 

1 8-0~ amber glass/teflon lined 
lid 

2 80-0~ amber glass/teflon lined 

cap 

(1) 
(21 

Maximum holding times from date of sample collection to date of sample extraction or analysis for preserved samples. 
Actual sample containers provided by the laboratory may vary from those listed. Requirements listed here are EPA-based and incorporate NEESA 

criteria. 

I i I i I 1 I I I I I I I I I 
/ 
, I 
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4.7 ANALYTICAL PROCEDURES 

The environmental samples collected for laboratory analysis during the field investigation covered by 
this document will be analyzed by a laboratory previously approved by NEESA. The analytical 
procedures will conform to NEESA quality level C as described in Section 4.3.1. Table 4-l shows the 
analytical methods that are to be employed. Formal data validation will not be conducted. Also note 
that field QC samples will not be collected for field-screening samples. 

The soil samples collected for field-screening will be tested using an enzyme immunoassay procedure 
developed by Ensys. The analytical method and QC requirements for those samples which are to 
undergo field-screening for petroleum hydrocarbons will be in accordance with the method specified 
by the manufacturer. 

DATA REDUCTION, REVIEW, AND REPORTING 

Data reduction, review, and reporting will be conducted, however, full data validation is not required 
for the analytical data since contaminant delineation is the intended data use. Halliburton NUS will 
perform data review based on blank contamination and field duplicate precision. Data will be 
summarized in spread-sheets and the same data qualifiers recommended by EPA Region I will be used. 
The data review does not include assessment of the raw data and no validation report will be 
generated. 

4.9 INTERNAL QUALITY CONTROL 

Section 4.3.3 discusses the types and frequency of quality control samples that will be prepared during 
the field investigation activities for those samples to undergo laboratory analysis. The quantities of 
the various types of the QC samples are shown in Table 4-l. 

Laboratory analyses will be conducted in accordance with SW846 protocols. 

4.10 PERFORMANCE AND SYSTEM AUDITS 

System audits will be performed as appropriate, to assure that the work is being implemented in 
accordance with the approved project SOPS and in an overall satisfactory manner. 

l The FOL will supervise and check on a daily basis that the equipment is thoroughly 
decontaminated, samples are collected and handled properly, and the field work is 
accurately and neatly documented. 

0 The data reviewer(s) will review the data and will check that the data was obtained 
through the approved methodology, and that the appropriate level of QC effort and 
reporting was conducted. 

0 The project manager will oversee the FOL and data reviewer, and check that 
management of the acquired data proceeds in an organized and expeditious manner. 
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4.11 PREVENTATIVE MAINTENANCE 

Halliburton NUS has established a program for the maintenance of field equipment to ensure the 
availability of equipment in good working order when and where it is needed. This program consists 
of the following elements: 

0 The equipment manager keeps an inventory of the equipment in terms of items (model 
and serial number) quantity and condition. Each item of equipment is signed out when 
in use, and its operating condition and cleanliness checked upon return. 

0 The equipment manager conducts routine checks on the status of equipment and is 
responsible for the stocking of spare parts and equipment readiness. 

0 The equipment manager maintains the equipment manual library and trains field 
personnel in the proper use and care of equipment. 

0 The FOL is responsible for working with the equipment manager to make sure that the 
equipment is tested, cleaned, charged, and calibrated in accordance with the 
manufacturer’s instructions before being taken to the job site. 

4.12 DATA ASSESSMENT PROCEDURES 

4.12.1 Precision, Reoresentativeness, Comoarabilitv, and Completeness 

All environmental data generated as a consequence of this field activity will be used for purposes of 
contaminant plume delineation. No formal validation of the data will be conducted. The data will, 
however, be reviewed as described in Section 4.8. The PARCC parameters will be evaluated to the 
fullest extent practicable. 

Precision will be assessed through the evaluation of field duplicate results. The representativeness and 
comparability of the data will be assessed by determining if the data are consistent with known or 
anticipated chemical conditions and accepted principals. The completeness of the data will be 

assessed by comparing the acquired data to the project objectives to examine if these objectives are 
being effectively addressed. 

The PARCC parameter assessment will be conducted by qualified personnel. 

4.12.2 Data Validation 

Formal data validation will not be conducted, however, data review as described in Section 4.8 will 
be conducted. 

4.12.3 Data Evaluation 

The evaluation of the data collected during the field investigation will include a comparison of closure 
goals and chemical concentrations in soil samples collected from the field. Evidence of the presence 
of contamination at concentrations greater than the closure goals will indicate the need for additional 
site evaluation. 
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4.13 CORRECTIVE ACTION 

The QA program will enable problems to be identified, controlled, and corrected. Potential problems 
may involve nonconformance with the SOPS and/or analytical procedures established for the project, 
or other unforeseen difficulties. Any person identifying an unacceptable condition will notify the 
Project Manager. The project manager, with the assistance of the Quality Assurance Manager and the 
project QAIQC officer, will be responsible for developing and initiating appropriate corrective action 
and verifying that the correction action has been effective. Corrective actions may include resampling 

and/or reanalysis of samples taken or modifying project procedures. If warranted by the severity of 

the problem (for example, if a change in the approved work plan is required), the Navy will be notified 
in writing and their approval will be obtained prior to implementing any change. Additional work that 
is dependent on a nonconforming activity will not be performed until the source of the problem has 
been addressed. 

4.14 QUALITY ASSURANCE REPORTS/DOCUMENTS 

A bound/weatherproof field notebook shall be maintained by the SSO, and by the FOL. The FOL or 
designee shall record all information related to sampling or field activities. This information may include 
sampling time, weather conditions, unusual events, field measurements, description of photographs, 
etc. The site logbook maintained by the FOL will contain a summary of the day’s activities and will 
reference the field notebooks when applicable. 

Custody of samples must be maintained and documented at all times. Chain-of-custody begins with 

the collection of the samples in the field; Section 3.0 addresses the topic of chain-of-custody. 

At the completion of field activities, the FOL shall submit to the Project Manager all field records, data, 
field notebooks, logbooks, chain-of-custody receipts, sample log sheets, etc. The Project Manager 
shall ensure that these materials are entered into the project file. 

Changes in project operating procedures may be necessary as a result of changed field conditions or 
unanticipated events. A summary of the sequence of events associated with field changes is as 
follows: 

0 The FOL notifies the Project Manager of the need for the change. 

l If necessary, the Project Manager will discuss the change with the pertinent individuals 
(e.g., Navy personnel, CLEAN Quality Assurance Manager) and will provide a verbal 
approval or denial to the FOL for the proposed change. 

0 The FOL will document the change on a Field Modification Record and forward the 
form to the Project Manager at the earliest convenient time (e.g., end of the 
workweek). 

0 The Project Manager will sign the form and distribute copies to the Program Manager, 
Quality Assurance Manager, Field Operations Leader, and the project file. 

0 A copy of the completed Field Modification Record form will also be attached to the 
field copy of the affected document (i.e., Work Plan and Sampling and Analysis Plan). 
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1 .O INTRODUCTION 

This Health and Safety Plan (HASP) is designed to provide practices and procedures 
for HALLIBURTON NUS Environmental Corporation (HNUS) personnel and 
subcontractor personnel engaged in the Preliminary Closure Assessments of Tank 
Farms 4 and 5 at the Naval Education and Training Center (NETC) in Newport, Rhode 
Island. This plan has been developed to conform to the requirements of OSHA 
Standard 29 CFR 1910.120 - Hazardous Waste Operations and Emergency Response 
and is based on available information regarding possible contaminants and physical 
hazards that may exist on the site. If more information concerning the nature and/or 
concentrations of contaminants becomes available, this HASP will be mlodified 
accordingly. It will be the HALLIBURTON NUS Project Manager’s responsibility to 
communicate any such information to the CLEAN Health and Safety Manager (CHSM) 
(Matthew M. Soltis) who will, in turn, determine the need for modifying the HASP. 

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION 

The table below presents Key Project Personnel and Responsibilities and establishes 
responsibility for site safety and health. The HALLIBURTON NUS Project Manager 
(PM) is responsible for the overall direction and implementation of health and safety 
for this project. The HALLIBURTON NUS Field Team Leader (FTL) is responsible for 
implementation of this HASP with the assistance of an appointed Site Safety Officer 
(SSO). The activities of the SSO are monitored by the CLEAN Health and Safety 
Manager (CHSM) for compliance with this HASP and the CLEAN Health and Safety 
Management Plan. 

NAME RESPONSIBILITY 

Walter Martin HNUS Project Manager 

TBA Field Team Leader 

TBA 

Janet Pillion 

Matthew M. Soltis 

Site Safety Officer 

HNUS Health & Safety Officer 

CLEAN Health & Safety Manager 

1.2 SITE/PROJECT BACKGROUND 

The NETC is located within the Newport Naval Base which encompasses 
approximately six miles of the western shore of Aquidneck Island, Newport County, 
Rhode Island. Aquidneck Island is comprised of three towns: Newport, Middletown, 
and Portsmouth. The NETC serves as a training facility and provides logistic support 
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for the Newport Naval Base. The NETC occupies approximately 1,063 acres of land. 
The locations of Tank Farms 4 and 5 are within the Newport Naval Base property. 

Tank Farms 4 and 5 are located on the east side of the Defense Highway and Tank 
Farm 4 is approximately 4,500 feet north of Tank Farm 5. Tank Farms 4 and 5 
contain 23, 2.5 million gallon concrete underground storage tanks that were used to 
store heavy fuel oils from World War II to 1974. The tanks are approximately 116 
feet in diameter, 33 feet deep, and are covered by approximately four feet of soil. 
Each tank is surrounded by a ring drain which consists of a 12-inch reinforced 
concrete drain pipe located within a permeable backfill approximately four feet wide. 
The drain is connected to a sump pump to remove groundwater from the backfill area. 
The tanks were abandoned in the 1970’s. Two of the tanks (53 and 56 at Tank Farm 
5) were also used to store waste oils. These tanks have been cleaned and are being 
closed under Rhode Island hazardous waste regulations. 

Other facilities located adjacent to Tank Farm 5 include the Fire Fighting Training 
Area, a small metal building which was used as an electrical substation, and a 
concrete structure formerly used as an oil-water separator on Tank Farms 4 and 5. 

1.3 SCOPE OF WORK 

The objective of the work is to perform an Underground Storage Tank (UST) 
Preliminary Closure Assessments at Tank Farms 4 and 5. Additional data regarding 
groundwater quality in the vicinity of Tank 53 will also be gathered. The following 
field activities are planned: 

0 Drilling (Monitoring well installation, Split Spoon Sampling) - Installation 
of 4 inch diameter monitoring wells within each tank ring drain on the 
downgradient side of the tank (not to include Tanks 53 and 56); 

0 A survey of each monitoring well; 

0 A Geoprobe investigation of piping connecting the tanks to the piping 
loop (not to include piping loops); 

0 Groundwater Sampling (sampling will include some existing wells around 
Tank 53). 

For additional information or detail, refer to the Field Sampling Plan. 
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2.0 HAZARD ASSESSMENT 

This section presents information regarding known and suspected chemical and 
physical hazards associated with the work areas, tasks and operations described in 
Section 1.3 of this HASP. Any additional activities must be communicated to the 
CHSM for inclusion into this plan. This evaluation is based solely on the currently 
available information. As new data comes available, this HASP may need to be 
modified accordingly. Measures to control the hazards presented below can be found 
in Sections 3.0, 4.0, and 5.0 of this plan. 

The onsite work areas will be limited to Tank Farms 4 and 5 on the NETC property. 
The greatest potential for worker exposure exists during drilling activities at the 
downgradient locations of the fuel tanks. 

2.1 CHEMICAL HAZARDS 

The degree of hazard potential(s) posed to onsite personnel depends not only on 
where work will be conducted but also upon the task or tasks being performed. The 
tasks scheduled to take place generally can be grouped into two categories: non- 
intrusive and intrusive activities. Potential health risks posed to onsite workers will 
be of greater concern during intrusive activities such as drilling monitoring wells, and 
split spoon sampling. Non-intrusive activities, such as groundwater sampling and 
surveying activities will be of lesser concern to worker health. 

Hazards associated with this investigation include the potential for exposure to site 
contaminants via inhalation of toxic vapors and/or airborne particulates, ingestion, and 
direct dermal contact. 

2.1.1 Fuel Oils 

Previous site activities and observations indicate the potential for flue1 oil 
contamination to be present at the well installation locations. 

Fuel oils are considered to be of moderate to low toxicity and are not considered to 
be carcinogenic by NTP, OSHA, or IARC. Potential route(s) of entry are inhalation and 
skin/dermal contact. Fuel oil health hazard data sheets present dermal exposure as 
the primary route of concern. Federal or recommended airborne exposure limits have 
not been established for fuel oil vapors. However, effects of short-term (acute) 
overexposure may be indicated by symptoms such as headache, dizziness, blurred 
vision, drowsiness, dermatitis, difficulty in breathing, irritations of the eyes, nose and 
throat, and at extremely high concentrations death may occur. Effects of long-term 
(chronic) overexposure typically result in the development of chronic dermatitis. 
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Because of the very low vapor pressure of fuel oils, and the work being conducted in 
an outdoor environment, overexposure to their vapors is not expected to occur. Dusts 
from soils that are contaminated with fuel oils may be generated during subsurface 
activities. Dermal contact is the most likely route of exposure. 

2.1.2 Waste Oils 

In 1975, the Navy began using Tanks 53 and 56 for used oil storage. Volatile organic 
compounds (VOC’s), base neutral/acid extractable (BNA) compounds, and inorganics 
were present in the groundwater samples collected from wells located near Tanks 53 
and 56. 

Low VOC levels in downgradient well MW-4 have been detected and inorganic 
concentrations have exceeded groundwater action levels in all wells, including the 
background well. 

Because of the low concentrations previously detected, the nature of the matrix 
(groundwater) being sampled, and the work being conducted in an outdoor 
environment, an overexposure to site contaminants is not expected to occur. 

2.1.3 Hazard Evaluation of Each Site Task 

A hazard evaluation for the work activities is as follows: 

Well Installation/Geoorobe InvestiaationSubsurface Soil Samoling 

Drilling activities and other soil-disturbing subsurface investigation activities present 
the highest exposure potentials of this investigation. Exposure concerns include 
inhalation of contaminant-laden dust and/or volatile organic emissions caused by soil 
disturbance, and direct skin contact with contaminants. The physical hazards 
associated with these tasks are addressed in following sections. 

Exposure potentials could vary depending on where the drilling is taking place; drilling 
near the underground tanks poses the greatest risk of worker exposure. Drillers and 
laborers are especially at risk to exposure due to their work position directly over the 
boreholes and their handling of potentially contaminated augers/rods when pulling the 
augers/rods out of the ground (inhalation and dermal contact). Additionally, the 
exposure potential may be the greatest when drilling activities intersect the 
groundwater table. Heavy fuel oils are not miscible with water and there may exist 
a floating product layer on the water table. 
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Groundwater Samoling 

This task presents a low to moderate exposure potential. The primary concern for this 
task is dermal contact with contaminated water. When sampling groundwater from 
monitoring wells, however, inhalation exposure could occur when removing the well 
cap. To reduce this potential hazard, the wellhead should be opened while standing 
upwind and allowed to vent before sampling activities commence. Additionally, there 
exists the potential for a floating product layer on the water table. 

Land Survevinq 

This task has low to no exposure potential. This task is limited to surveying the 
locations and elevations of the monitoring wells. There is no known surficial 
contamination onsite, therefore, there is no exposure potential anticipated during this 
activity. 

2.2 PHYSICAL HAZARDS 

In addition to the chemical hazards presented above, certain physical hazards may also 
be encountered. The most significant of these hazards include: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.2.1 Hazard DescriDtion & Hazard Prevention 

The potential for a worker to become entangled in the rotating t:ools of 
the drill rig 
Contact with overhead energized sources 
Exposure to moving and heavy machinery/vehicles (drill rigs, Geoprobe, 
trucks) - stuck by/caught between hazards and nip points 
Manual lifting 
Noise exposure 
Fire/Explosion potential 
Buried/Underground Utilities 
Slip/Trip/Fall/Puncture hazards 
Uneven or unstable terrain 
Heat/Cold stress 
Confined Spaces 
Insects/Rodents 
Lightning/Inclement Weather Conditions 

Rotatina Tools - Entanglement within the rotating tools of the drill rig can occur 
anytime a worker or their clothing contacts the moving machinery. This hazard can 
result in a worker being fatally crushed and/or dismembered. 
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Overhead Eneraized Sources - Overhead utility wires, i.e. electrical and telephone, can 
be hazardous when the drill rig boom/mast or any other such projecting items are in 
the upright position. 

0 Overhead utilities should be considered “live” until determined otherwise. 

0 No drilling boom/mast or any other such projecting items shall be erected 
within 20 feet of an overhead/electrical line until the line is deenergized, 
grounded, or shielded and an electrician has certified that arcing cannot 
occur. 

0 To avoid contact with any overhead lines, the drill rig boom should be 
lowered prior to moving the rig. 

Heavv EauiDmentlVehicles - Operation of, and proximity to, Geoprobe, drill rigs/heavy 
equipment pose a threat of serious injury to operators and workers; operators of the 
Geoprobe, drill rigs/heavy equipment and vehicles typically have decreased visibility 
and hearing. 

0 

0 

0 

0 

0 

0 

0 

0 

Motor vehicles and material handling equipment shall be in compliance 
with the OSHA Construction Industry Standards 29 CFR 1926. 

Only qualified/licensed people are to operate heavy equipment. 

Never walk directly in back of, or to the side of, heavy equipment 
without the operators’ knowledge. 

Steel-toe/shank workboots shall be worn when working around, or with, 
heavy equipment. 

Heavy equipment vehicles will have back-up alarms or will only back-up 
when assisted by a flag person. 

Pedestrians and lighter vehicles will yield to heavy equipment/ vehicles. 

All chains, lines, cables, etc. should be inspected daily for weak spots, 
frays, etc. 

All high pressure lines should be checked prior to and during use. 

Manual Lifting - Back strain may occur as a result of lifting or handling heavy 
equipment. 
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0 Back strain may be prevented by employing proper lifting and bailing 
techniques. 

0 During any manual handling tasks, personnel are to lift with the force of 
the load supported by their legs and not their backs. The correct number 
of personnel must be used to lift or handle heavy equipment. 

Noise Exposure - Elevated sound levels may be generated as a result of activities 
onsite which may cause hearing damage and/or be a hinderance to communication. 

0 Noise levels are not to exceed the 8-hour time-weighted average OSHA 
PEL of 90 dBA without the use of hearing protection. As a general rule- 
of-thumb, hearing protection is required if personnel st:anding 
approximately 2 feet apart cannot converse without raising their voices 
to be heard. The use of hearing protection, either ear muffs or ear plugs, 
will be worn to effectively reduce noise levels. 

BuriedlUnderaround Utilities - Excavation work or any intrusive earthwork presents the 
possibility of contacting or puncturing an underground line or utility. 

0 A thorough underground utilities search must be conducted before the 
commencement of any intrusive earthwork. The Base “Dig Safe”, the 
National Dig Safe, and the base Engineering and Defense Fuel Support 
departments must be contacted and clear all drilling and Geoprobe 
locations prior to any ground penetrating work. 

0 No subsurface activities will commence until the work area has been 
positively cleared of utilities or underground lines. 

0 Any utilities confirmed or suspected will have their location mark:ed and 
these areas will be avoided. 

a Known buried utilities include electric, phone, diesel, steam, water, 
wastewater, and oil. 

Heat/Cold Stress - Heat/Cold stress shall be monitored and controlled in accordance 
with the guidelines presented in Attachment B. 

SliD/TriD/Fall/Puncture Hazards - Due to wet, slick, uneven or steep terrain, or 
cumbersome protective equipment, injury (strained muscles, sprained ligament,s, cuts, 
and/or abrasions) or exposure could result due to a fall or puncture. 
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0 

0 

0 

In General: 

0 

0 

0 

0 Be sure that any compressed gas cylinders are secured properly to heavy 
mobile equipment. 

2.3 BUDDY SYSTEM/SITE COMMUNICATIONS 

Slipping on wet surfaces can be prevented by wearing boots with good 
treads and be alert where personnel are walking to decrease the chance 
of slipping. 

Tripping caused by wearing disposable footwear can be reduced when 
properly sized disposable boots are selected. 

To reduce potential puncture hazards, steel-shank work boots should be 
worn. 

All work areas must be kept free of ground clutter. 

Hardhats shall be worn at all times when working around a drill rig or 
when the potential for overhead hazards exist. 

Loose clothing and straps should be secured when working around a drill 
rig or any other heavy or high hazard equipment. 

Electrical cords or extension cords should be protected or guarded from 
damage (i.e. cuts from other machinery) and be maintained in good 
condition. 

Eye protection should be worn where the potential for injury from objects 
or exposure from chemicals or contaminated media may occur. 

Inclement weather (i.e. lightning, heavy rain) should be evaluated as a 
condition to stop work. 

- 

The activities conducted and equipment utilized during the site work demand 
competency, coordination, and concentration. To prevent accidents and injuries 
occurring on-site, and in order to provide rapid assistance to employees in the event 
of an emergency, implementing the “buddy system” or organizing employees to 
support “line-of-sight” is required. 

The buddy system will be implemented in all work areas where there exists the 
potential for a significant chemical exposure and work areas proximal to vehicle 
traffic, heavy equipment and other machinery or equipment that poses a threat of 
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serious injury to on-site workers. Line-of-site or a communication system can be via 
visual, voice, or regular radio contact and must be maintained at all times. 

In order to control these hazards, the measures previously discussed and the Standard 
Work Practices specified in Section 5.0 of this HASP (as well as the other 
requirements stated in this document) will be implemented and enforced throughout 
site operations. 

2.4 CONFINED SPACE ENTRY 

Confined space entries are not anticipated during this site investigation and, therefore, 
are not authorized and will not be discussed in this HASP. If confined space entry 
becomes necessary for any reason, the project manager and the CHSM must modify 
this HASP prior to authorizing entry. This includes entry to building housing tank 
manholes (some of these are open). 

2-7 



3.0 AIR MONITORING 

This section presents requirements for the use of real-time air monitoring instruments 
during site activities involving potential for exposure to site contaminants. It 
establishes the types of instruments to be used, the frequency of which they are to 
be used, techniques for their use, action levels for upgrading/downgrading levels of 
protection, and methods for instrument maintenance and calibration. 

Heavy fuel oil is the primary site contaminant. The physical properties of this 
compound include a very low vapor pressure and high boiling point. The onsite 
activities will be conducted in an outdoor environment where it is unlikely that vapor 
emissions will exist or be of sufficient quantity to cause adverse health effects. 
However, air monitoring using direct reading instrumentation will be conducted to 
assure that vapor concentrations do not exceed acceptable levels. 

3.1 INSTRUMENTS AND USE 

Air monitoring using a photoionization detector (PID) or a flame ionization detector 
(FID) will be conducted onsite in the breathing zone of high risk workers during 
subsurface explorations and during any other activity deemed necessary to determine 
the presence or absence of ionizable organic compounds. 

The Photovac MicroTip, a PID, equipped with a 10.6 eV lamp, or the OVA Mo’del 128 
FID, will be used to detect the presence or absence of airborne ionizable chemical 
gases and vapors. The PID/FID will be calibrated and operated as outlined in the 
HNUS Standard Operating Procedures. These SOP’s will be maintained onsite. The 
OVA 128 does detect methane (and the PID does not); if there are any sustained 
readings in the breathing zone using the OVA 128, the methane screening technique 
will be used to determine if there are other VOCs present, or a PID will be used in 
tandem with the OVA to determine if the readings are due to methane. Respiratory 
protection upgrade need not occur if the readings are determined to be from methane 
and are less than 10% of the Lower Explosive Limit (LEL) reading. 

A combustible gas (lower explosive limit (LEL) and oxygen (0,) alarm meter will be 
used to monitor levels of combustible gas and oxygen deficient atmospheres during 
subsurface activities. The LEL/O, meter will be calibrated using pentane (0.75 percent 
by volume in air) and operated as outlined in the HNUS Standard Operating 
Procedures. If airborne concentrations of flammable vapors exceed 10 percent or 
greater of the LEL, no work will take place until the source of the emission has been 
identified and control measures instituted or until vapor concentrations subside. 
Monitoring with the LEL/O, meter will only be necessary if there are sustained 
readings detected using the PID/FID air monitoring instrument. 
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In summary, the following air monitoring instruments will be utilized during the 
following tasks as specified above and in accordance with the action levels specified 
in Section 3.3: 

0 Site Walkovers - None. 

0 Drillina/Geoorobe Investiaation/Soil Borinas/Split Sooon Samolinq - 
PID/FID monitor; LEL/O, monitor. 

0 Groundwater Samplinq - PID/FID monitor. 

0 Survevinq - None. 

3.2 MODIFICATION OF AIR MONITORING REQUIREMENTS 

The air monitoring requirements presented in Section 3.2 are based upon the tasks 
presented in Section 1.3 and the assumption that the contaminants presented in 
Section 2.1 are the only contaminants which pose a reasonable health risk to site 
workers covered by this HASP. In the event that this assumption is found to be 
invalid, the requirements will be subject to change. 

3.3 ACTION LEVELS 

The following action levels represent background readings in the breathing zone and 
will apply to this project: 

PID/FID Monitor Greater than 0.0 ppm 
0.0 ppm to 50 ppm 
50 ppm to 100 ppm 
Greater than 100 ppm 
Less than 19.5% 0, 
Greater than 200 ppm 

To be evaluated using CTD”’ 
Level D 
Level C 
Level B 
Level B 
stop work and contact 
CLEAN Health & Safety 
Manager 

These action levels are based upon the assumption that volatile organic compounds 
typical of petroleum products will be the only air contaminants which pose a 
reasonable health risk to site workers. In the event that this assumption is found to 
be invalid, the action levels will be modified as appropriate. 

(‘I - A Calorimetric Detector Tube (0.5/c Draeger tube) for benzene will be used initially 
when there are any PID/FID readings in the breathing zone. If it is determined that 
benzene is an airborne contaminant then the following action levels will be used: 
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Level C 1 - 50 ppm 
Level B 50 - 1OOppm 

3.4 INSTRUMENT MAINTENANCE AND CALIBRATION 

Air monitoring instruments will be maintained and pre-field calibrated. Field calibration 
will be conducted in accordance with the HNUS Standard Operating Procedures. Field 
maintenance will consist of daily cleaning of the instruments using a damp towel or 
rag to wipe off the instrument’s outer casing and overnight battery rechargin,g. 

3.5 RECORDKEEPING 

Instrument calibration notes and readings will be recorded in the respective instrument 
log. Instrument readings observed during site monitoring activities will be recorded 
in the field logbook. PID/FID readings, including the absence of readings, must be 
recorded in the field logbook. Exceedances above background levels in the workers 
breathing zone must be recorded specifying the date, reading(s) observed, workers 
potentially affected, operators name, duration of reading, and the location of the 
reading, and actions taken to reduce exposures. 
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4.0 PERSONAL PROTECTIVE EQUIPMENT (PPE) 

This section presents requirements for the use of personal protective equipment for 
each of the activities being conducted as defined in Section 1.3 of this HASP. This 
section includes anticipated levels of protection for each of the activities, the criteria 
used for selecting various levels of protection, and criteria for modifying levels of 
protection based on personal observations. 

4.1 ANTICIPATED LEVELS OF PROTECTION 

All work is anticipated to be performed in a Level D Protection, as defined in Appendix 
B of OSHA Standard 29 CFR 1910.120 - “Hazardous Waste Operations and 
Emergency Response: Final Rule.” Many activities will require the use of chemical 
resistant coveralls, gloves, and boot covers as presented in the task breakdown which 
follows. Where activities overlap, the more protective requirements will be applied. 
Additionally, it is possible that work will be upgraded to Level C protection (air- 
purifying respirators equipped with GMC-H filters) depending on site conditions and 
observations as discussed in Section 4.3.2 of this HASP. 

4.1 .I Mobilization/Demobilization/Site WalkoversBurveving 

Minimum requirements include steel-toe/shank work boots. Leather or cotton work 
gloves will be worn, as needed, to prevent cuts and abrasions when handling drilling 
or Geoprobe equipment. 

4.1.2 Drillina ODerations 

Minimum requirements include hard hat, safety glasses, steel-toe/shank work boots, 
Tyvek coveralls, disposable boot covers, and nitrile or neoprene gloves over latex inner 
gloves. All ankle and wrist seams will be taped and all loose clothing will be secured. 
If activities present the potential for tyvek to become saturated, PVC coveralls will be 
substituted. 

4.1.3 Groundwater Samoling 

Minimum requirements include steel-toe/shank work boots, Tyvek coveralls, 
disposable boot covers, and nitrile or neoprene gloves over latex inner gloves, and eye 
protection/splash goggles. All ankle and wrist seams will be taped. If activities 
present the potential for tyvek to become saturated, PVC coveralls will be substituted. 

4.2 PPE SELECTION CRITERIA 

Respiratory protection was not selected for use during initial stages of work as it is 
unlikely that exposures will exceed OSHA permissible exposure limits or of sufficient 
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concentration to cause adverse health effects. Nitrile and/or neoprene gloves were 
selected to provide protection against potential contamination that could be 
encountered and to help reduce ingestion as a result of incidental hand to mouth 
contact. Hard hats, safety glasses, and work boots were selected to provide 
protection against some of the physical hazards associated with heavy equipment and 
drilling operations and disposable boot covers were selected to help minimize the 
spread of contamination. Tyvek coveralls were selected to minimize the potential for 
contamination of street clothes and PVC coveralls were selected for use in the event 
that drilling and/or sampling operations have the potential to result in the saturation 
of work clothes and dermal contact. 

4.3 PPE MODIFICATION CRITERIA 

This section presents criteria for upgrading and downgrading chemical protective 
clothing (CPC) and/or respiratory protection. Where uncertainties arise, the more 
protective requirement will apply. 

4.3.1 CPC Modification Criteria 

Tyvek coveralls and boot covers must be worn anytime there is a reasonable potential 
for contamination of street clothes. Polyvinyl chloride (PVC) coveralls must be worn 
if there is gross heavy fuel oil contamination of groundwater and/or soils encountered 
or anytime there is a reasonable potential for saturation of work clothes. 

Nitrile or neoprene gloves must be worn anytime there is a reasonable potential for 
contact with site contamination. 

4.3.2 ResDiratorv Protection Modification Criteria 

Level C respiratory protection consisting of full/half-face, air-purifying respirators, 
equipped with GMC-H filters must be worn if gross contamination of heavy fuel oil is 
encountered which emit vapors that exceed the action limits presented in section 3.3. 
The SSO will evaluate and determine the need for upgrading respiratory protection. 
Additionally, at any time during intrusive activities onsite, workers may elect to don 
Level C respiratory protection. 

- 

- 

- 

- 

- 

-. 

- 
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5.0 STANDARD WORK PRACTICES 

The following standard work practices will apply to all HALLIBURTON NUS and 
subcontractor personnel as applicable to the work being performed at this site. 

GENERAL REQUIREMENTS (ALL TASKS) 

Work areas shall be physically cordoned off (using items such as caution 
tape, hazard cones, etc.) to clearly identify the work area, and to aid in 
restricting access of unauthorized persons. 

Objects that cannot be manually handled comfortably shall either be 
handled by more than one person or with mechanical lifting devices. 

Eating, drinking, chewing gum or tobacco, taking medication, and 
smoking are prohibited in the exclusion or decontamination zones, or any 
location where there is a possibility for contact with site contamination 
exists. 

Upon leaving the exclusion zone, hands and face must be thoroughly 
washed with soap and potable water. Any protective outer clothing is 
to be decontaminated and removed as specified in this HASP, and left 
at a designated area prior to entering the clean area. 

Contact with potentially-contaminated substances must be avoided. 
Contact with the ground or with contaminated equipment must also be 
avoided. 

No facial hair, which interferes with a satisfactory fit of the mask-to-face 
seal, is permitted on personnel required to wear respiratory protective 
equipment. 

All personnel must procure a site-specific Health and Safety Plan from 
the project Health and Safety Officer prior to commencing work on site. 
All site personnel must read and understand all components of this 
HASP. 

All personnel must satisfy medical monitoring procedures. 

All work areas must be kept free of ground clutter. 

Areas must be designated for chemical storage. Acids, bases and 
flammable shall all be stored separately. Storage areas must be labeled 
as to the contents within the storage area. 
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5.2 

0 

0 

All compressed gas cylinders must be stored and used in an upright 
position, properly secured and protected from damage, segregated, and 
labelled as empty or full. 

Site personnel must immediately notify the HALLIBURTON NUS Health 
and Safety Officer of all incidents for OSHA recordkeeping purposes. 

If personnel note any warning properties of chemicals (irritation, odors, 
symptoms, etc.) or even remotely suspect the occurrence of exposure, 
they must immediately notify the CLEAN Health and Safety Manager for 
further direction. 

Site personnel are not to undertake any activity which would be 
considered a confined-space entry without first being trained in the 
proper procedures as required by the CLEAN Health and Safety Manager, 
and without first obtaining a Confined Space/Limited Egress Permit. 

- 

- 

- 

- 

DRILLING AND GEOPROBE OPERATIONS 
- 

The location of all underground and overhead utilities must be confirmed 
and visibly identified prior to initiating ground penetrating activities. The 
mast of the drill rig shall be positioned so as not to contact live 
conductors, raceways, conduit, or piping. 

All drill rigs must be equipped with an operational emergency stop device 
or on/off switch. Drillers and geologists must be aware of the location 
of this device. This device must be tested prior to job initiation, and 
periodically thereafter. No one shall handle rotating augers unless 
absolutely necessary and unless there is a standby person in the ready 
position to activate the emergency stop. 

- 

- 

The driller must never leave the controls while the tools are rotating 
unless all personnel are clear of the rotating equipment. 

A long-handled shovel or equivalent must be used to clear drill cuttings 
away from the hole and from rotating tools. Hands and/or feet are not 
to be used for this purpose. 

A remote sampling device must be used to sample drill cuttings if the 
tools are rotating. Samplers must not reach into or near the rotating 
equipment. If personnel must work near any tools which could rotate, 
the driller must shut down the rig prior to initiating such work. 

- 

- 
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0 Drillers, helpers, and samplers must secure all loose clothing when in the 
vicinity of the drilling operations. 

0 Only equipment which has been approved by the manufacturer may be 
used in conjunction with site equipment and specifically to attach 
sections of drilling tools together. Pins that excessively protrude from 
augers shall not be allowed. 

0 No persons shall climb the drill mast while tools are rotating. 

0 No person shall climb the drill mast without the use of ANSI approved 
fall protection (i.e. approved belts, lanyards, and a fall protection slide 
rail) or portable ladder which meets the requirements of OSHA 
standards. 

a Hearing protection shall be worn while the drill rig is in operation unless 
it can be demonstrated that noise exposures will not exceed 85 dBA as 
an 8-hour time-weighted average. 
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6.0 DECONTAMINATION 

This section describes the steps site personnel will follow to prevent the spread of site 
contaminants into areas that may affect unprotected, unsuspecting site personnel or 
the public. It includes requirements for decontamination of personnel, sampling 
equipment, and drilling equipment. 

6.1 PERSONNEL DECONTAMINATION 

The decontamination of personnel and their protective clothing will be performed in 

three stages. 

0 Stage 1 includes removing contamination from reusable 
protective clothing and/or disposable clothing. These efforts 
will involve washing and rinsing these items in a sequence that 
begins at the highest level to the lowest level (i.e.: from the 
head down towards the feet). 

0 Stage 2 will include removal of protective clothing, discarding 
disposable clothing into a drum conspicuously marked 
“Contaminated Clothing” and/or storing reusable protective 
clothing in the contamination reduction zone. Stage 2 efforts 
involve a structured, segregated process carefully removing 
PPE items beginning with the outermost item and progressing 
inward. 

0 Stage 3 will consist of workers washing their hands and face 
with potable water and soap each time they leave the 
exclusion zone, before performing any type of hand-to-mouth 
activity. 

All decontamination fluids generated will be contained as described in the site work 
plan. The decontamination area will be physically identified with rope or flagging and 
well equipped to be conducive for completion of proper decontamination activities. 

6.2 SAMPLING EQUIPMENT DECONTAMINATION 

Decontamination of sampling tools may involve the use of deionized water, detergents 
(Alconox), and/or methanol. Requirements for decontaminating sampling equipment 
are presented in the site work plan. Methanol will only be used in well ventilated 
areas and personnel will avoid breathing vapor and/or mist. Material Safety Data 
Sheets for the decontamination solutions will be presented during site specific training 
and maintained on site for reference upon request. 
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6.3 HEAVY EQUIPMENT DECONTAMINATION 

Decontamination of drilling tools and other heavy equipment will be accomplished 
through the use of a high pressure steam system. The HALLIBURTON NUS 
representative or Field Team Leader (FTL), or designee, will inspect all heavy 
equipment prior to being released from the site. All decontamination fluids generated 
will be contained and disposed of as described in the site work plan. 

- 

- 

..- 

- 
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7.0 TRAINING 

7.1 INTRODUCTORY AND REFRESHER TRAINING 

7.1 .l Reauirements for HALLIBURTON NUS Personnel 

All HALLIBURTON NUS personnel must complete 40 hours of introductory hazardous 
waste site training prior to performing work at the NETC-Newport. Additionally, 
HALLIBURTON NUS personnel who have had introductory training more than 12 
months prior to site work must have completed 8 hours of refresher training within 
the past 12 months before being cleared for site work. Supervisory training is 
required of any onsite personnel directly responsible for, or who supervise, employees 
working onsite. 

Documentation of HALLIBURTON NUS introductory, refresher and supervisory training 
can be obtained through the Health and Safety Officer. Copies of certificates or other 
official documentation will be used to fulfill this requirement. 

7.1.2 Reauirements for Subcontractors 

All HALLIBURTON NUS subcontractor personnel must have completed introductory 
hazardous waste site training or equivalent work experience as defined in OSHA 
Standard 29 CFR 1910.120(e) and 8 hours of refresher training meeting the 
requirements of 29 CFR 1910.120(e)(8) prior to performing work at the NETC- 
Newport. Additionally, supervisory training is required of any onsite personnel directly 
responsible for, or who supervise, employees working onsite. HALLIBURTON NUS 
subcontractors must certify that each employee has had such training by sending 
HALLIBURTON NUS a letter, on company letterhead, containing the information in the 
example letter provided as Figure 7-l . Copies of training certificates will not be 
accepted as a substitute for the official letter but may be provided as supporting 
documentation. 

7.2 SITE-SPECIFIC TRAINING 

HALLIBURTON NUS will provide site-specific training to all HALLIBURTON NUS 
employees and subcontractor personnel who will perform work at this project. This 
training will only be provided once and personnel who do not attend will not be 
permitted to perform work at the NETC-Newport. Site-specific training will include: 

0 Names of personnel and alternates responsible for site safety and health 
0 Safety, health and other hazards present on site 
0 Use of personal protective equipment 
0 Work practices to minimize risks from hazards 
0 Safe use of engineering controls and equipment 
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0 Medical surveillance requirements 
0 Signs and symptoms of overexposure 
0 The contents of the health and safety plan and addendum 
0 Review of relevant MSDSs 

7.2.1 Site-SDecific Trainina Documentation 

HALLIBURTON NUS and subcontractor personnel will be required to sign a statement 
indicating receipt of site-specific training and understanding of site hazards and control 
measures. Figure 7-2 will be used to document site-specific training. 
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FIGURE 7-1 
OSHA TRAINING CERTIFICATION 

The following statements must be typed on company letterhead and signed by an 
officer of he company: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Mr. Walter Martin 
Project Manager 
HALLIBURTON NUS Corporation 
187 Ballardvale St. Suite A-l 00 
Wilmington, MA 01887 

Subject: Hazardous Waste Site Trainina - NETC-Newoort 

Dear Mr. Martin: 

The employees listed below have had introductory hazardous waste site training 
or equivalent work experience as required by 29 CFR 1910.120(e) and those 
employees listed below who have received their introductory training more than 
12 months ago have also received 8 hours of refresher training in accordance 
with 29 CFR 1910.120 (e)(8). In addition, supervisory training is required of 
any onsite personnel directly responsible for, or who supervise, employees 
working onsite. 

LIST FULL NAMES OF EMPLOYEES 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name of Company Officer) 
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FIGURE 7-2 
SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of 
working at the NETC-Newport site and that I have received site-specific training which 
included the elements presented below: 

a Names of personnel and alternates responsible for site safety and health 
0 Safety, health and other hazards present on site 
0 Use of personal protective equipment 
0 Work practices to minimize risks from hazards 
0 Safe use of engineering controls and equipment 
0 Medical surveillance requirements 
0 Signs and symptoms of overexposure 
0 The contents of the health and safety plan and addendum 
0 Review of relevant MSDSs 

I further state that I have been given the opportunity to ask questions and that all of 
my questions have been answered to my satisfaction. 

Training Conducted By: 
Date: 
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8.0 MEDICAL SURVEILLANCE 

8.1 REQUIREMENTS FOR HALLIBURTON NUS PERSONNEL 

All HALLIBURTON NUS personnel participating in project field activities will have had 
a physical examination meeting the requirements of HALLIBURTON NUS’ medical 
surveillance program and will be medically qualified to perform hazardous waste site 
work using respiratory protection. 

Documentation for medical clearances can be obtained from the HALLIBURTON NUS 
Health and Safety Officer. 

8.2 REQUIREMENTS FOR SUBCONTRACTORS 

Subcontractors are required to obtain a certificate of their ability to perform hazardous 
waste site work and to wear respiratory protection. The “Subcontractor Medical 
Approval Form” (Figure 8-l) must be used to satisfy this requirement providing it is 
properly completed and signed by a licensed physician. 
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FIGURE 8-l 
SUBCONTRACTOR MEDICAL APPROVAL FORM 

For employees of 
Company Name 

Participant Name: Date of Exam: 

A Part 

The above-named individual has: 

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR 
1910.120, paragraph (f) and found to be medically - 

( ) qualified to perform work at the NETC-Newport work site 
( ) not qualified to perform work at the NETC-Newport work site 

and, 

2. Undergone a physical examination as per OSHA 29 CFR 1910.134(b)(lO) and 
found to be medically - 

( ) qualified to wear respiratory protection 
( 1 not qualified to wear respiratory protection 

My evaluation has been based on the following information, as provided to me by the 
employer. 

( 1 A copy of OSHA Standard 29 CFR 1910.120 and appendices. 
( 1 A description of the employee’s duties as they relate to the employee’s 

exposures. 
( 1 A list of known/suspected contaminants and their concentrations (if known). 
1 1 A description of any personal protective equipment used or to be used. 
( 1 Information from previous medical examinations of the employee which is 

not readily available to the examining physician. 

Part B 

_- 

- 

.- 

- 

I, , have examined 
Physician’s Name (print) 

and have determined the following information: 
Participant’s Name (print) 
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FIGURE 8-1 
SUBCONTRACTOR MEDICAL APPROVAL FORM 
PAGE TWO 

1. Results of the medical examination and tests (excluding finding or diagnoses 
unrelated to occupational exposure): 

2. Any detected medical conditions which would place the employee at increased risk 
of material impairment of the employee’s health: 

3. Recommended limitations upon the employee’s assigned work: 

I have informed this participant of the results of this medical examination and any 
medical conditions which require further examination of treatment. 

Based on the information provided to me, and in view of the activities and hazard 
potentials involved at the work site, this participant 

( 1 may 
( ) may not 

perform his/her assigned task. 
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FIGURE 8-1 
SUBCONTRACTOR MEDICAL APPROVAL FORM 
PAGE THREE 

Physician’s Signature 

Address 

Phone Number 

NOTE: Copies of test results are maintained and available at: 

Address 
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9.0 SITE CONTROL 

This section outlines the means by which HALLIBURTON NUS will delineate work 
zones and use these work zones in conjunction with decontamination procedures to 
prevent the spread of contaminants into previously unaffected areas of the site. In 
general, a three zone approach will be used during work at this site; exclusion zone, 
contamination reduction zone, and support zone. 

9.1 EXCLUSION ZONE 

The exclusion zone will be considered those areas of the site where subsurface 
activities or groundwater sampling activities are being conducted. Significant amounts 
of surface contamination will not be encountered in the proposed work areas of this 
site until/unless contaminants are brought to the surface by drilling or other 
subsurface exploration activities. Furthermore, once such activities have been 
completed and surface contamination has been removed, the potential for exposure 
is again diminished and the area can then be reclassified as part of the contamination 
reduction zone. Therefore, the exclusion zones for this project will be limited to those 
areas of the site where active work is being performed and/or anywhere there is 
believed to be the potential for inhalation exposure to site contaminants. During 
subsurface explorations, a 25-foot exclusion zone around the operating equipment will 
be demarcated using caution tape, signs, safety cones, or barricades. 

9.2 CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion 
zone and any area of the site where contamination is not suspected. For purposes of 
this project, the CRZ will be considered the areas abutting the exclusion zone/work 
areas. In addition, the equipment decontamination area established for this project 
will be considered as a separate CRZ. 

9.3 SUPPORT ZONE 

The support zone for this project will be located in areas designated outside of the 
exclusion and contamination reduction zone. This area will include a staging area 
where site vehicles will be parked, equipment will be unloaded, and where food and 
drink containers will be maintained. In all cases, the support zones will be established 
at areas of the site where exposure to site contaminants would not be expected 
during normal working conditions or foreseeable emergencies. 
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10.0 OTHER MISCELLANEOUS REQUIREMENTS 

10.1 SPILL CONTAINMENT PROGRAM 

The procedures defined in this section comprise the spill containment program in place 
for activities at the site. 

10.1 .l 

0 

0 

0 

0 

0 

0 

0 

0 

SDill Control 

Drums and containers used during site activities shall meet the appropriate 
DOT, OSHA, and EPA regulations for the wastes that they contain. 

Drums and containers shall be inspected and their integrity assured prior to 
being moved. Drums or containers that cannot be inspected before being 
moved because of storage conditions (i.e. buried, stacked behind other 
drums or several tiers high, etc.) shall be moved to an accessible location 
and inspected prior to further handling. 

Unlabeled drums and containers shall be considered to contain hazardous 
substances and handled accordingly until the contents are positively 
identified and labeled. 

Site operations shall be organized to minimize the amount of drum or 
container movement. 

Prior to movement of the drums or containers, all employees involved shall 
be warned of the potential associated hazards. 

Where spills, leaks, or ruptures may occur, adequate quantities of spill 
containment equipment (absorbent, pillows, etc.) will be stationed in the 
immediate area. The spill containment program must be sufficient to 
contain and isolate the entire volume of hazardous substances being 
handled. 

Drums or containers that cannot be moved due to their integrity, shall be 
emptied into a sound container. 

Fire extinguishing equipment meeting 29 CFR part 1910, subpart L, shall be 
on hand and ready if needed. 

It is not anticipated that bulk hazardous materials will be handled as part of this scope 
of work such that spillage would constitute a danger to human health or the 
environment. 
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10.2 MATERIALS AND DOCUMENTS 

The HALLIBURTON NUS Field Team Leader shall ensure the following 
materials/documents are taken to the project site and utilized as required. 

0 Incident Reports 
0 Material Safety Data Sheets for decon solutions and other substances 

brought to the site 
0 Follow-Up Reports (to be completed by the Field Team Leader) 
0 OSHA Job Safety and Health Poster (posted in site trailer) 
0 Site-specific Training Documentation Form 
0 First Aid Supply Usage Form 
0 Emergency Reference Posting (Figure 1 l-l 1 

- 

-_ 

- 

- 

- 
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11 .O EMERGENCY RESPONSE PLAN 

11.1 INTRODUCTION 

In the event of any on-site emergencies, site personnel will be immediately evacuated 
to a safe place of refuge and the appropriate off-site response agencies will be 
notified. HALLIBURTON NUS and subcontractor personnel will not provide emergency 
response support. This approach has been selected based on the types of 
emergencies most likely to be encountered during performance of this work and the 
fact that off-site emergency response organizations will provide the most effective 
repose to these emergencies. Specifically, fire/explosion or personal injury/illness, 
resulting from exposure to physical hazards are the emergencies most likely to be 
encountered. The local fire department and ambulance service will be best suited for 
handling these emergencies and are located within a reasonable distance from the site 
to ensure adequate response time. In light of this approach, this emergency response 
plan has been prepared to conform to the requirements of OSHA Standard 29 CFR 
1910.38(a), as permitted by OSHA 29 CFR 1910.120(1)(1)(ii). 

11.2 PRE-EMERGENCY PLANNING 

Pre-emergency planning activities associated with this project include the following: 

a Coordinating with NETC base personnel to ensure that HALLIBURTON NUS 
emergency response activities are compatible with existing facility 
emergency response procedures. 

0 Establishing and maintaining information at the project staging area (support 
zone) for easy access in the event of an emergency. This information will 
include the following and it will be the responsibility of the HALLIBURTON 
NUS FTL to ensure the information is available. 

- An inventory of chemical substances used on site, with 
corresponding Material Safety Data Sheets. 

- Site personnel records regarding medical treatment concerns (medical 
data sheets). 

- A log book identifying personnel present on site each day. 

0 Identifying a chain of command for emergency response. 
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11.3 EMERGENCY RECOGNITION AND PREVENTION 

11.3.1 Recoanition 

These situations will generally be recognizable by visual observation. An injury or 
illness will be considered an emergency if it requires treatment other than first-aid (i.e. 
requires treatment by a medical professional). 

11.3.2 Prevention 

HALLIBURTON NUS will prevent emergencies by ensuring compliance with the site- 
specific health and safety plan. 

11.4 SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, all personnel will immediately stop 
activities and report to the support zone. Upon reporting to the refuge location, 
personnel will remain there until directed otherwise by the HALLIBURTON NUS FOL. 
The SSO will take roll at this location, using the log book, to confirm the location of 
all site personnel. 

11.5 EVACUATION ROUTES AND PROCEDURES 

An evacuation mist be initiated whenever personnel show signs or symptoms of 
overexposure to potential site contaminants. In the event of an evacuation, personnel 
will proceed immediately to the support zone, unless doing so would further jeopardize 
the welfare of workers. Personnel will proceed to an alternate location until instructed 
otherwise by the HALLIBURTON NUS FTL. 

Evacuation procedures will be discussed prior to the initiation of any work at the site. 
Evacuation from the site is dependent upon the location at which work is being 
performed at the site. In the event that an emergency evacuation is effected during 
the course of work at any of the areas, personnel shall immediately report to the 
designated refuge location, and remain there. The Site Health and Safety Officer shall 
conduct a roll call (using the site log book) to account for all personnel to ensure that 
a total work site evacuation has taken place. 

11.6 DECONTAMINATION PROCEDURES/EMERGENCY MEDICAL 
TREATMENT 

.- 

- 

- 

Decontamination procedures will be performed only if doing so does not further 
jeopardize the welfare of site workers. Decontamination will hot be performed if the 
action which initiates an evacuation would further endanger the lives of workers if 
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workers were to perform decontamination procedures. However, it is unlikely that 
such an event could occur at this site that would require workers to evacuate the site 
without first performing decontamination procedures. 

11.7 EMERGENCY ALERTING AND RESPONSE PROCEDURES 

Since HALLIBURTON NUS personnel will be working in close proximity to each other, 
hand signals and voice commands, and 2-way radio will be sufficient to alert site 
personnel of an emergency. 

In the event of an emergency situation, Base Security and appropriate emergency 
services will be contacted using Figure 1 l-l. 

11.8 PPE AND EMERGENCY EQUIPMENT 

A first-aid kit will be maintained on site and immediately available for use in the event 
of an emergency. 
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FIGURE 11-I 
EMERGENCY REFERENCE 

NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Contact 

Newport Emeraencv Numbers: 
Police 
Fire 
Newport Hospital 

NETC Emeraencv Numbers: 
Command Duty Officer 
Security Office - Police 
NETC Fire Protection 
Public Works 
NETC Safety 0fficer:Robert Hanley 
NETC Env. Coord.:Rachel Marino 

Utilities: 
Rhode Island Dig Safe 
Base Dig Safe:Linda Farric 
NETC Engineering: Jack Belleveau 
Defense Fuel Support:Warren Pretti 

Chemtrec: 
National Response Center: 

HNUS Proiect Manaaer: 
Walter Martin 

CLEAN Health and Safetv Manaaer: 
Matthew M. Soltis 

HNUS Medical Consultant: 
Health Resources 

Phone Number 

911 or (401) 847-l 212 
911 or (401) 846-2211 
(40 1) 846-6400 

(401) 841-3456 or 3457 
(401) 841-3241 
(401) 841-3333 
(401) 841-4001 
(401) 841-2478 
(401) 841-3735 

(800) 225-4977 
(40 1) 841-4497 
(401) 841-3735 
(401) 841-2451 

’ (800) 424-9300 
(800) 424-8802 

(508) 658-7899 

(412) 921-8912 

(617) 935-8581 

-- 

- 

-- 

- 

- 

- 

- 

- 

- 

11-4 



FIGURE 11-I 
EMERGENCY REFERENCE 

NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

PAGE TWO 

EMERGENCY ROUTE TO HOSPITAL (See Map Figure 11-2 and 11-3) 

HOSPITAL ROUTE DIRECTIONS: 

Newport Hospital 
Friendship St. 
Newport, RI 

Phone: (40 1) 846-6400 

1. Leave site and take a left onto Defense Highway. 
2. Bear left onto Connell Memorial Road. 
3. Take a left onto Kalbfus Road. 
4. Follow to end and take a right onto Route 114/l 38 South. 
5. Bear right onto Broadway Street. 
6. Take a left onto Friendship Street. Hospital will be on your left. 
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ATTACHMENT A 

CHEMICAL, PHYSICAL, AND HEALTH HAZARD INFORMATION 
FOR SITE CONTAMINANT 



OILS, FUEL: 5 I I OFV 

Fire 

Ex~osurc 

Water 
Pollution 

, 

! CHEYIUL OLSICNATIONS 



OILS, FUEL: 6 osx 

- 

- 

- 

- 

- 

-- 
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ATTACHMENT B 

HEAT AND COLD STRESS MONITORING 



HEAT STRESS MONITORING 

Heat stress monitoring program will be managed on-site by the SSO. Monitoring will 
based on heat stress monitoring. 

- 

Heat Stress Symptoms 

Heat stroke is always life-threatening. The person’s temperature control system that 
causes sweating stops working correctly. The body temperature rises so high that 
brain damage and death will result if the person is not cooled quickly. The main signs 
of heat stroke are red or flushed skin; hot, dry skin, although the person may have 
been sweating earlier; and extremely high body temperature, often to 41 OC (106°F). 
There may be dizziness, nausea, headache, rapid pulse and unconsciousness. 

Heat exhaustion is much less dangerous than heat stroke. The major signs of heat 
exhaustion are pale, clammy skin, profuse perspiration, and extreme tiredness or 
weakness. The body temperature is approximately normal. The person may have a 
headache and may vomit. 

Cool a victim of heat stroke quickly. If the body temperature is not brought down 
fast, permanent brain damage or death may result. Soak the person in cool but not 
cold water, sponge the body with rubbing alcohol or cool water, or pour water on the 
body to reduce the temperature to a safe level, about 39OC (102OF). Then stop 
cooling and observe the victim for 10 minutes. Call an ambulance as soon as 
possible. If the temperature starts to rise again, cool the victim again. Do not give 
coffee, tea, or alcoholic beverages. 

For mild heat exhaustion, stop work, remove the protective coveralls and get out of 
the sun. Give the person water, juice, or Gatorade. Medical care is needed for severe 
heat exhaustion. 

Of particular importance is heat stress resulting when protective clothing decreases 
natural body ventilation. One or more of the following will help reduce heat stress: 

1. Drinking water shall be made available to the workers in such a way that 
they are stimulated to frequently drink small amounts, i.e., one cup, every 
15-20 minutes (about 150 ml or l/2 pint). 

The water shall be kept reasonably cool (55-60°F) and shall be placed close 
to the workplace so that the worker can reach it without abandoning the 
work area. However, where contaminants are known/suspected to exist 
that pose an ingestion toxicity hazard potential, workers shall not be 
permitted to consume any fluids without first being decontaminated and 
going to a noncontaminated area. 

- 

- 



2. Long cotton underwear acts as a wick to help absorb moisture and protect 
the skin from direct contact with heat-absorbing protective clothing. It 
should be the minimum undergarment worn. 

3. When necessary/applicable, install mobile showers and/or hose-down 
facilities to reduce body temperature and cool protective clothing. 

4. In the extremely hot weather, conduct non-emergency response operations 
in the early morning or evening. 

5. 

6. 

In hot weather, rotate shifts of workers wearing impervious clothing. 

Good hygienic standards must be maintained by frequent changes of 
clothing and daily showering. Clothing should be permitted to dry during 
rest periods. Persons who notice skin problems should immediately consult 
medical personnel. 

7. Acclimatization to heat involves a series of physiological and psychological 
adjustments that occur in an individual during their first week of exposure 
to hot environmental conditions. The work-rest regimen in this procedure 
is valid for acclimated workers who are physically fit. Extra caution must 
be employed when unacclimated or physically unfit workers must be 
exposed to heat stress conditions. 

8. Provide a shaded rest area. 

Heat Stress Monitoring 

In the event that heat stress/heat exhaustion is observed during work activities, the 
on-site HALLIBURTON NUS representative determines that the type of work may 
requirecareful monitoring, or environmental conditionsdictate careful monitoring (e.g., 
respirators, plastic tyvek, and heavy workload) the following procedures could be 
implemented. 

Work-Rest Reqimen 

Establishment of a proper work-rest regimen may be used in conjunction with the 
work load required to perform each task. Light work examples include sitting or 
standing to control machines or performing light hand or arm work. Moderate work 
includes walking about with moderate lifting and pushing or use of coated coveralls 
and respirators. Heavy work corresponds to pick and shovel-type work or the use of 
full body protective clothing. It must be assumed that any activity involving this type 
of clothing will be considered heavy work. 



The work-rest regimen selected will be utilized as a baseline. The actual or adjusted 
period of work will be determined based on the biological monitoring outlined in the 
biological monitoring section. 

Bioloaical Monitoring 

One of the following procedures shall be followed when the work-place temperature 
is 70°F or above, and/or upon this site HSO’s discretion, in order to make sure the 
work/rest regime is providing proper personal protection and to document exposure. 

1. Heart rate (HR) shall be measured by the pulse for 30 seconds as early as 
possible in the resting period. The HR at the beginning of the rest period 
should not exceed 1 10 beats/min. If the HR is higher, the next work period 
should be shortened by 10 minutes (or 33 percent), while the length of rest 
period stays the same. If the pulse rate is 100 beats/min at the beginning 
of the next rest period, the following work cycle should be shortened by 33 
percent. 

2. Body temperature shall be measured orally with a clinical thermometer as 
early as possible in the resting period. Oral temperature (OT) at the 
beginning of the rest period should not exceed 99OF. If it does, the next 
work period should be shortened by 10 minutes (or 33 percent), while the 
length of the rest period stays the same. However, if the OT exceeds 
99.7OF at the beginning of the next rest period, the following work cycle 
should be further shortened by 33 percent. The worker’s OT should be 
measured at the end of the rest period to make sure that it has dropped 
below 99OF. At no time shall work begin with OT above 99OF. 

- 

- 

- 
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HEAT STRESS PREVENTION WORK-REST REGIMENT GUIDELINES 
(Values Are Given in O°F WBGT) 

Work Rest 
Regimen Light 

Work Load 

Moderate Heavy 

Continuous Work 1 86.0 I 80.0 I 77.0 

75% Work - 
25% Rest Each 

Hour 

87.0 82.0 78.6 

50% Work - 
50% Rest Each 

Hour 

89.0 85.0 82.0 

25% Work - 
75% Rest Each 

Hour 

90.0 88.0 86.0 



COLD STRESS MONITORING 

Persons working outdoors in temperatures at or below freezing may experience 
frostbite. Extreme cold for a short time may cause severe injury to the surface of the 
body. Areas of the body that have a high surface area to volume ratio, such as 
fingers, toes, and ears, are the most susceptible. 

Two factors influence the development of a cold injury: ambient temperature and the 
velocity of the wind. Wind chill (Table 1, Attachment A) is used to describe the 
chilling effect of moving air in combination with low temperature. For instance, 1 O°F 
with a wind of 15 mph is equivalent in chilling effect to still air at - 18OF. 

As a general rule, the greatest incremental increase in wind chill occurs when a wind 
of 5 mph increases to 10 mph. Additionally, water conducts heat 240 times faster 
than air. Thus, the body cools suddenly when chemical-protective equipment is 
removed, if the clothing underneath is soaked with perspiration. 

Frostbite 

Local injury resulting from cold is included in the generic term frostbite. There are 
several degrees of damage. Frostbite of the extremities can be categorized into: 

1~ Frost nip or incident frostbite - the conditions are characterized by sudden 
blanching or whitening of skin. 

2. Superficial frostbite - skin has a waxy or white appearance and is firm to the 
touch, but tissue beneath is resilient. 

3. Deep frostbite - tissues are cold, pale, and solid; extremely serious injury. 

Hvpothermia 

Authorities agree that there are degrees of hypothermia which are characterized as 
“moderate” and “severe”. A victim of moderate hypothermia, who may exhibit the 
first seven signs listed below, is still conscious but often confused. Severe 
hypothermia is determined by extreme skin coldness; loss of consciousness; faint 
pulse; and shallow, infrequent, or apparently absent respiration. Death is the ultimate 
result. 

- 

- 

- 

- 

Practically, the onset of severe shivering signals danger to personnel. Exposure to 
cold shall be immediately terminated for any severely shivering worker. 



Sions of Hvpothermia 

1. Severe shivering 
2. Abnormal behavior 
3. Slowing 
4. Stumbling 
5. Weakness 
6. Repeated falling 
7. Inability to walk 
8. Collapse 
9. Stupor 
10. Unconsciousness 

Cold Stress Emergency Action 

1. Remove the victim from the hypothermia-/frostbite-producing environment. 

2. Seek expert medical help immediately. 

3. Reduce handling to a minimum. Do not rub or massage the victim. 

4. Prevent further body heat loss by covering the victim lightly with blankets. 
Plastic may be used for further insulation. Do not cover the victim’s face. 

5. If the victim is still conscious, administer hot drinks. Encourage activity, such as 
walking while wrapped in a blanket. Do not administer any form of sedative, 
tranquilizer, or analgesic (pain reliever), because these may facilitate further heat 
loss and convert moderate hypothermia into a severe case. 

Cold Stress Work-Place Monitoring 

Work-place monitoring is required as follows: 

1. A thermometer accurate to 1 OF shall be assigned at any workplace where the 
environmental temperature is known or expected to be below 60°F to enable 
overall compliance with the requirements of this procedure. 

2. Whenever the air temperature at a work place falls to 30°F or below, the dry-bulb 
temperature and wind speed shall be measured and recorded at least every 4 
work-hours. 

3. The equivalent chill temperature (ECT) shall be obtained (in all cases where air 
movement measurements are required) and shall be recorded with the other data 
in the site log, together with a record of the length of time spent working and 
resting. 



- 

Personal Protective Equipment Requirements for Cold Environments 
- 

Since prolonged exposure to cold air can lead to dangerous hypothermia, whole body 
protection must be provided as follows: 

l Adequate insulating clothing, to maintain core temperatures above 97OF, must 
be provided to workers if work is performed in air temperatures below 40°F. 
Wind chill or the cooling power of the air is a critical factor. 

As wind speed increases and work area temperature decreases, the insulation 
values of the workers’ protective clothing must increase. The equivalent chill 
temperature must be used when estimating the combined cooling effects of wind 
and low air temperatures on exposed skin or when determining clothing insulation 
requirements to maintain the deep body core temperature. 

- 

- 

- 



APPENDIX B 

PETRO RISC OPERATING MANUAL 



PETRO RUSS@ 
SOIL TEST 
SYSTEM 
RAPID IMMUNOASSAY SCREEN 

User’s Guide 
Multiple Lewd Test 

this method correctly identifies 95% of 

IMPORTANT NOTlCE 

This test system should be used onlv under 
the supervision of a technically uahfied 
individual who is capable of un 3 erstandin 
anv potential health and environmental ris K 
of Ih;s product as identified in the product 
literature. The components must only bc 
used for the analysis of soil sun 

E 
les for the 

p:~:scncc of petroleum hydrocar OILS. After 
UC, the kits must be dis 

TY 
osed of in 

accordance with appiica le fedcrai and local 
s~.:iations. 



I 
WORKSTATION SET-UP 

REACl ALL HUSTRUCTlONS BEFORE PROCEEDING UWTH THE TEST 

WORKSTATlON S6’FUP 

2 MechanIcal cracm 

aelectlan Iawl 
= 12 lubes1 

READ BEFORE PROUXDING 
l Follow diagram above tO 93up workstatirxx 
l It- that you will need that are not provided i.n the test kit 

include: 
EL permanent marking pen, laboratory tissue (or pa cr 

1 !- 
towels), a llqurd waste container, and disposable g P ovcs. 

i, 
*MS *Do not expose reagents to direct sunlight. 

+ This User’s Guide was written for analyzing soil samples for 
gasoline at 10 and 100 ppm. The detection level for diesel is 
15 ppm. See table on page 5) for sensitivity to other 
compounds. 



PHASE ONE EXTRACTION&PREPARATIONOF THESAMPLE 

R6AD ALL INSTRUCTIONS BEFORE PROCEEDING WITH 7336 TEST 

WEIGH SAMPLE 
la Open methanol crimp top vial 

and pour the entire contents 
into the extraction jar. 

lb Place unused weigh boat on 
pan balance. 

lc Press ON/MEMORY button 
on pan baknce. Balance will 
beep axtd display 0.0. 

Id Weigh out 10 fO.1 grams of 
soil. 

le If balance turns off prior to 
completing weighing, use 
empty weigh boat to r&are, 
then continue, 

EXTRACT PETROLEUM HYDROCARBONS 
2Gi Usin 

Y 
wooden spatula, 

trana er 10 puns of soil from 
weigh boat mto extraction jar. 

Zb Recap exfxaction jar tightly and 
shake vigorously for one 
minute. 

ZC Allow to settle for one minute. 

FILTER SAMPI- 
3a Disassemble filtration plunger 

from filtration barrel. 
3b Insert bulb pipette into top 

(,li uid) layer m extraction jar 
3 an draw u sample. Transfer 

al: least ti b ?I b ca 
filtration barrel. fl 

acity into 
0 nol: use 

more than one full bulb. 
SC Press plun 

barrel unti f 
er firmly into 
ade uate filtered 

sample is availa le (place on % 
table and press if necessary). 
Repeat sk 9 3a l k for each 
sample to g e Lested. 

Pan baloaoe 

&- 
Somole oxtracUon lar 

wooaal salmu 

‘i 

- 

-. 

- 

Bulb pipeHe 

-.. 



PHASE TWO SAMPLE AND STANDARD PREPARATION 

READ AU INSTRUCflONS BEFORE PROCEEDING WITH THE TEST 

READ 8EFORE PRCX6tiPtNG 
l Label the conjugate and antibody coated tubes 

with a pertm.anent marking pen. 
. “Shake tubes” means to thoroughly mix the 

contents with special care not to spill. or splash. 

DlLuTE AND BUFCER SAMPLE 
FOR 10 PPM ANI3 100 CPM DETEmON LEVELS 

Qa Oven dilution ampule bv 
slfppin ampule cracker-over 
top, an 2 then breaking top at 
scored neck. 

4b Uncap enough blue buffer, 
conju 
tubes 9 

ate, and antibody coated 
or stmms and stank. 

4c Em ty a blue buffer tube into 
ea J: conj ugaLe tube. 

4-d Assemble new tip onto 
mechanical pipette. 

4e Withdraw 60 PL of sample 
from filter unit using 
mechanical 
dispense be P 

ipette and 
ow the liquid level 

in IO mm conjugate tube. Wipe 
mechanical pipette tip- 

4f Withdraw 60 PL of filtered 
sample from the filter unit and 
dis 
in tK 

CNC below the liquid level 
e 100 uum dilution ampule. 

Shake ampule for 5 seconds. 
4g Withdraw 60 VL of diluted 

sample from IOO UUUI dilution 
ampule and dispense below 
the liquid level m loo ppm 
coniugnte tube. 

4h Discard mechanical pipette tip, 
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PHASE TWO SAMPLE AND STANDARD PREPARATION 

READ ALI. INSTRUCTlONS BEFORE PROCEELIING Wll’H THE TEST 

MR NONSTANDARD DWmON LEVEIS 

l This prodecuc replaces the one outlined in Steps 
ae-4h for tests designed for detectron levels other 
than 10 and 100 ppm. Follow stops 4a-4d. 

l Always transfer 60 ILL from filter unit tn tile 
lowest level dilution ampuk. Then., transfer 60 
PL from lower to next hi her d.fudon. am ule. 
Continue until 60 FL has 5 een transfene B to 
highest level dilution ampule. 

9 Always withdraw and dispense solution with 
mechanical pipette tip below the liquid level. 

Higher 
Detection 

l Select the dilution am 
desired detection 
each seiected dilution 
conjugate tube 

l Wipe mechanical pipette tip after dispensing into 
conjugate tube. 

. If after reviewing this User’s Guide you still have 
guestions, contact technical support at SOO-242- 
/ 472. 

BUFFER STANDARDS 
5a Assemble new tip onto 

mechanical pipette. 
5b Open PElR0 Standard ampule. 
5c Withdraw 60 VL of PETRI 

standard and dispense below the 
liquid level in SMIUI~~~ 
conjugate tube. Wipe 
mechanical pipette tip. 

5d Repeat step 5c for the 2nd 
Sl#dNd. 

5e Shake all conjugate tubes for 
5 seconds. 

*You may be *You may be 
QmUided mfith QmUided mfith 
addiionml addiionml 
dIMJon dIMJon 
LUllIIUl448. LUllIIUl448. 

Oilnlha 
amualas Sam 

SIWW 

- 

- 

-- 

-_ 

^_ 

- 

Meceanlcal 
pipette 
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PHASE THREE THE IMMUNOASSAY 

1 READ ALL 1NSTRUCIIONS BEFORE PROCEEDING WITH TIIE TEST 

READ BEFORE PROCEEDING 
l This phase of the procedure requires critical 

timing and care in handling the antibody coated 
tubes. 

INCUBATION 
6a Set timer for exactly 10 

6b 

. 
minutes. 
Start t+ing and immediately 
pour solution nom each 
conjugate tube into 
ap 

B 
ropriate antibody coated 

tLl e. 
Shake all tubes for 5 seconds. 
Let tubes stand exactly 10 
minutes. 

READ BEFORE PROCEEDING 

WASH PROCEDURE 
. Washing must be done vigorously and with force. 
l Place nozzle -ust above a.ntibody.coated tube, 

/ squeeze bott e to fill each tube with a vigorous 
stream and empty into liquid waste container. 

l The wash solution is a harmless, dilute solution 
of deter ent. Do not hesitate to wash vigorously 
even if ii e solution contacts gloved lu.nd.s. 

WASHING 
7a After the IO minute incubation, 

empty antibody coated tubes 
into liquid waste container. 

7b Wash antjbod 
H 

coated tubes by 
vigorously fil in and 
emptying a tota P of 4 times. 

7c Tap antibody coated tubes 
upside down on paper towels 
to remove excess liquid. 
Residual foam in the tubes will 
not interfere with test results. 
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’ PHASE THREE THE IMMUNOASSAY 

REAII ALL INSl’RU=IONS BEFORE PROCEEDING WITH THE TES7’ 
- 

1 

I 
READ BEFORE PROCEEDING 

l Keep Substrate dropper bottles vertical and direct 
each drop to bottom of antibody coated tubes. 
Addition of more or less than 3 drops may give 
inaccurate results. 

+ This phase requires accurate timing. 

COLOR DEVELOPMENl 

&a Add 5 drops of Substrate A 
(yellow cap) to each antibody 
coated tube. 

8b 

8c 

8d 

8e 

Set timer for exactly 2 A 
minutes. 
Start timer ald immediakely 
add 5 drops of Substrate B 
(green ca 

g 
) to each antibody 

coated tu e. 
Shake all tubes for 5 seconds. 
Solution will turn blue in some 
or all antibody coated tubes. 
Stop reaction at end of 2 % 
minutes by addin ,5 drops of 
Stop Solution (re d cap). 
Note: Blue solution will turn 
velIow when Stop Solution is 
gdded. 

fl I;i;_ A 6 STOP 

- 

Subrtrate A 5abstrats 6 SUNJ 

_- 

- 



PHASE FOU R INTERPRElAlIQN 

READ AU INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST 

SELECT DARKER STANDARD 

9a Wipe outside of all antibody 
coated tubes. 

9b Place both Standard tubes in 
photometer. 

9c Switch tubes until the 
~;;~~~~~~;~W&g~fp~~ 

md.ng is greater than 0.2 in 
magnitude (+ or -), resulti are 
outside of QC limits. Retest 
the sample(s). 

9d Remove and discard tube in 
right well. The tube in the left 
well ia the darker standard. 

1NTERPRET RESUL- 
10dPlace IO ORN tube in right well of 

photometer and record 
reading. 

If photometer reading is 
ne ative or zero, petroleum 

3 hy rocarbons are present. 
Lf photometer rcadiq is 
positive, concentration of 
petroleum hydrocarbons is less 
than 10 mm. 

Set table on page 9 for specific 
detection levels. 

IQbPiace loo ppm tube in right well 
of photometer and record 
reading shown on display. 
If photometer reading is 
ne 
hy FL 

ative ur zero, petfoleuul 
ocarbons are present. 

If photometer readjng is 
pobitive, concentration of 

H 
asoline or petroleum fuel is 
es5 than 100 ppm. 
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QUALITY CONTROL 

READ ALL INSTRUCTlOlMS EEFORE PROCEEDING WITH THE TEST 

Now it Works 
Standards, Sampirn. LUI~ color-change reagenta are added to 
rzt tubes coated with a chemical spaclfic to peuoleum tirels. The 
concenmntron nt petmicum fuel in an unimown Sunpie is 
3.etermmed by comparing its Lwlor mlcnsity wltii that of a 
StAlXiAl’d. 

Note ~ctrcdrum iuel concentration is inversely proportional to 
coior mtalry: the lighter the mior deveiopment or’ the sample, 
the higner the+ concenlrahon oi petroleum lud. 

Quality Contd 
SLtitdard prccaunons for rrIA.UitAiZdng c@.iQf Control: 

Do not use reagents or teat tubes lrom one Test System with 
:raqents or test tuba from another Teet System. 
Dv ;,ut LW the Test S~tem after its cxplration dnte. 
Each am lysis must mclude 2 Standards, wirh no more ti~n a 

“7, coral obQl.- mnbody coated tubes. 
Do not e~ceeci incubation periods prcsuibcd by the speciiic 
5ttPS. 

Resulr~ may nut br valid if photometer reading for 
Standards exceeda 0.2 in magnitude. 

Storage and Handling Pw=autions 
\Year protective gloves and eyewear. 
Store b;it at room temperature and out of dnect suniight (less 
~hnn 60’FI. 
KW-I alumrmzed pouch (containing unused antibody coated 
:‘:b&) yeaittd wl~rn not 111 USC. 

If kud from the txtracdon lar, or PETRO Stanciard CDIII~ 
.::~o‘co~~;lct with eves, wash’thorou$-tly wth cold water and 
feK imXnPoIak midiCd1 atkntmt. 

Ozrate mempcraturcs greater tixan i5’ C/W F and 
i&s thati C/100’ F. 
ti;tcr use. c+ose oi kit components m accordance with 
?ppircsbie tcacrai and local regulations. 

- 

System Description 
Each PETRO !X@ %A ‘rest Sysrem contams enough 
material tn perform fvur complete tests, each at 10 and 100 
Tpm. 

The iJFfR0 MS@ Soil Test is divided into four yhuses.- The 
instnact~ons and notes shouid bc rcvlcwcd ‘before 
proceeding wtth each phase. 

Hotline Assistance 
If you need a&stance or are massing nccersary Tet;t System 
materials. call toll free: i-600-242-RISC (7C72). 

Validation and Warranty 
Information 
product claims are based on validation studies carriea nut 
IJndW cnntroiled conditions. Data has bea\ collected in 
accordance with valid statisticai methods and the product 
has unciergonc quaiity control test6 of each manutictured 
lot. 
Czoiine-free soti and soil contaming 10 ppm of gaolins 
were tested with the EnSys PETRO NW an&y&al 
method. The n~vrhod coircctly identified 95% of these 
samuics. A samvie that has developed less color than the 
stan&rd ic inte+rchd as positive. It contains gasoline. 
Diesel tuel-free soil and soil containing 15 ppm of diesel 
fuel were tested with the EnSys PETRO RIW anaiyticnl 
methud. The mclimd correctly identified 95% of &SC 
sampies. A 5ample that has developed less cobr than the 
r;randnrd is interpreted 85 positive, It contam dleSei fuei. 
I he companv does not $qaru\tee that the tesuits with the 
PETRO NS@ Soil Test System ~111 alwavy WI-W with 
~~tit~ument-based anaivrical laboratory mcthbds. All 
snakr~cnl methods, bok field and laboratory. neeo tn DC 
sub+ct to the appropriate quality control procedures. 
EnSys, Inc. warrants rhat this prnduct conforms to the 
ciescnptlons contained herem. No other warrntltia, 
whether exprweeci or lmolied. inciuding warrentie of 
:nerchantat;iiity and of fitness ior a particular purpose shall 
apply to thus product. 

- 

-- 

- 

- 

- 

&-&ys, Inc. neirher assumeq nor authorizes any 
qresentative or otiner perwn tu uhwtne Iur it any 
obligation or iiabiiity other th.u such 8s I.G expressly riOt 
forth herein. 
Under no circumstarxes shall EnSys, inc. be liable for 
incidental or conseauentiai darn~~e~ rcsuiting irom the u>t! 
or handliw ui this &nduct. 

-- 

- 

-- 

- 

Page 8 



MECHANICAL PIPETTE 

READ AU INSTRUCTIOIIIS BKFORE PROCEEDING WITH THE l’EST 

HOW TO OPERATE THE MECHANICAL PlPm 
To Sot Or Ad++ Valunm 

Remove purrh-button cnp and ux it to 100~zn volume iock screw. I’urn 
lower part of push-button to adjwt volums up or down. Meter should 
read “060”. Tig.h&rt VO~UIIW iti SCRW and replace pwh-buttun up. 
l-0 Assmdde eipetim Tip 
SIide larw mounting end of pipette tip onto end of pipette. Hnldtne; 

tip in place, press push-buttun until plunger rod enters pipette tip. 
Erwure nu sup ~LGSIS bctwct~~ piston and piunp rod (see illustration). 
urn withdraw Eunple 

With tip mounted in position on pip&, pruas push-button K, ftrst stop 
and hold it. 
Plact! tip at bottom of li+id sample and slowly reltww Pugh-button LO 
withdraw measured rram 
prtion nf sample. Ifbub E 

le. Ensure that no bubbles &st in Iiquid 
les exist, dispense sample and r~wtthdraw 

snmpie. 
To Dispense sample 

Place tip into dispensing vestxi (immerair~S end of the tip if vessel 
cnntains liquid) and slowly PEW Push-button to first stop. (Do not 
push to second ytup or tip will 4-t). 
Remove tip frwm v-cl and &?a~ push-button. 
TO Eject TIP 

Press push-hutton to second stop. Tip is ejected. 
For additional tiormation rcgding operation and URI of pipette, 
picase refer to your pipette manuat. 

TEST SENSiTlVlTY 
The PETRO RISC@ Soil Test System hm sensirivities rn the following 
chemicals at. t.he stated Icvcls. 

Concentation necessaxy to 
give a positive result greater 
than 95% of the tiit (ppmj 

Petroleum Fuels: 
Gasoline 
Diesel 
#2 Fuel Oil 
Kcroscnc 
Jet Fuei A 
Jet Fuel JP-4 
#B Fuci Oil 

IO 
15 
IS 
15 
15 
15 
25 

Othct Compounds: 
Mineral Spirits 40 

. 

I-or a cnmplete mble of sensitivities, consult the PETRO IUS@ Soi1 Test 
Sysrem I’echmcal Guide. 

Page 9 
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‘l’echnical Guide 

- 
Contamination of soil with petroieum hydroc,arbons is a widespread problem due to 
the ubiquity of underground storage tanks containing petroleum fuels. The federal 
Underground Storage Tank Act has catalyzed the clean-up and replacement of 
thousands of leaking storage tanks. Lndividual state regulatory agencies have 
control over the clean-up levels and testing for contamination and closure. 

Petroleum Hydrocarbons 

Pelroleu hydrocarbons are 3 diverse group of chemical compounds consisting of 
aliphatic and aromatic hydrocarbons. They are sold commercially as mixtures of 
compounds with similar boiLing points. These mixtures are derived from the 
splitting (cracking) of larger compounds comprising crude oil and subsequent 
distillation The lighter, or lower boiling, mixtures obtained in this process are used 
primarily as fuels or solvents. These include gasoline, mineral spiritti, kerosene, jet 

. fuels, diesel fuel, and fuel oils.. 

The regulatory concern surrounding petroleum fuels contamination Lies primarily 
with the aromatic hydrocarbon fraction of these substances. However, only a few 
states directly address soil contamination with BTEX or benzene. Most specify 
regulatory levels relating 10 total petroleum hydrocarbons or to the substance found 
to be contaminating the soil at the site. These levels range from sub-ppm to 10,000 
ppm depending on the state and the circumstances. 

Existing Laboratory Methods 

Numerous analytical methods exist that can be (and are) used to analyze soils for the 
presence of petroleum hydrocarbons WI0 Unfortunately, these methods usually 
do not produce intercomparable results, because they rely on different means for 
calibration and detection- The two most common laboratory methods employed for 
PHC analysis are EPA methods 418.1 (JR) and SO15 (modified, CC). The IR method 
is commonly referred to as measuring total Eecoverable petroleum hydrocarbons 
flRl?H). A freon extraction of the soil sample is performed, the freon extract 
cleaned up to remove polar organic compounds not origixrating from petroleum 
sources, and the PHC content measured relative to a multi-component synthetic 
standard by IR. Because of the extract handling protocol, ‘the IR method can badly 
underestimate soil contamination that is primarily attributable ta gasoline. The GC 
method is usually employed to measutc the concentration of the substance of 
interest rather than the total PHC content of the contaminated soil. The soii sample 
is either extracted with a solvent or the components vaporized directly (for gasoline) 
and collected on a temporary storage medium. Either way, the resulting material is 

1 
ml3 
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analyzed by CC and the results compared to the relevant standard. Standards are 
mrrde up from the substance to be analyzed. or a synthelic mixture that is meant to be 
representalive of the substance to bc analyzed, 

it is not widely recognized outside of the analytical community that much of the 
variability observed in PHC analysis data is a result of sampling and sample 
handling artifacts. This is due largely to the volatility of the analytes present in the 
sample and the difficulty in providing a homogeneous sample without losing a 
large fraction of the volaties. 

Existing Field Methods 

Several methods are currently available for the field estimation of PHC 
contamination in soil. Most of these employ organic vapor meters (OVM) of one 
sort or anothec Methods that rely on OVMs for detection of PHCs are headspace 
methods. While OVM headspace methods are useful for the qualitative detection 
of PHC contamination, they suffer from several practical shortcominga that limit 
their accuracy. The primaxy source of variability with these methods results from 
the fact that they can only measure PHCs in the vapor phase, rather than directly in 
soil. For this reason the results obtaine’d are greatly influenced by the temperature 
at which the measurements are taken. Even if the temperature of measurement 
could be controlled in the field, headspace methods will still be substantially affected 
by the fact that different PHC materials have greatly differing volatiiities. The 
nature of the conlaminant (i. e. gasoline, diesel, #6 fuel oil) clearly has a very large 
effect on the outcome of the measurement. 

Test Characteristics 

The YEYRO RI%@ Soil Test serves- as an accurate field-based alternative to sending ail 
soil samples for analysis by laboratory-based methods, The PEI’RO RI!.%@ Soil Test 
measures the petroleum fuel contaminant concentration in the soil rather than 
relying on headspace analysis. For this reason, the immunoassay-based test is not 
subject to variation due to temperature, humidity, wind speed, or the volatility of 
the PHC present. 

The results obtained using the PETRO RIsp6 Soil l’est are expressed in terms of the 
petroleum fuel product being measured, e.g., 10 ppm gasoline or 100 ppm diesel. 
IIowever, the test does not measure every component of gasoline or diesel to arrive 
at this result. The immunoassay responds to a selected subset of the chemical 
components in petroleum fuels. This subset includes a karge portion of the 
aromatic compounds (e.g., toluene, xylenes, naphthalenes) and a significant number 
of aliphatic compounds (e.g., hexanc, isooctane). The baianced response to both 
aromatic and aliphatic compounds gives the PETRO RI!9 Soil Test wide 
applicability to petroleum fuels at low detection levels. 

2 
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Table 1 shows the sensitivity of the PETRO RIS@Soil Test to a variety of commercial 
su.bstances and chemical compounds. Minimum sensitivities to petroleum fuel 
products are approximately equal, varying between 10 and 1S [‘pm in soil. The 
minimum sensitivity to other commercial formulated petroieum products varies 
much more widely, roughly correlating with the volatility of the product. The last 
part of Table 1 shows the two classes of compounds present in petroleum fuels that 
are measured by the test: the aromatic compounds and the aiiphatic compounds 
ranging from six to ten carbons. 

- 

- 

Regulatory Status 

The PETRO RIS@ Soil Test conforms to EPA SW-846 Method 4030 for screening for 
petroleum hydrocarbons using immunoassay detection. The EnSys test actually 
was the basis for the draft method and it is currerttly the only test kit for which data 
have been submitted and favorably reviewed by Ihe Office of Solid Waste Organic 
Methods Work Croup. 

Correlation with bboratary Methods 

The PE’IXO RISPB Soil test provides a high degree of accuracy when used to analyze 
soils contantilated with FHCS. Product validation studies indicate that the test 
correctly identifies PHC contaminated samples that are spiked with petroleum fuels 
at or near the chosen action level. The accuracy of the PETRO RI9 Soil test is 
comparable to that of the modified SW-846 Method 8015 (laboratory GC method) 
that is commonly used for the determination of petroleum fuel contamination in. 
soil (Table 2). 

The PETRO soil test has been used to test samples from a variety of sites 
contaminated with petroleum fuel products, such as gasoline and diesel fuel, and 
the results were compared to analytical data obtained using conventional l.aboratory 
analysis (Tables 3 through 6). Correlation of these results with the standard 
analytical methods for petroleum hydrocarbons was very good, The laboratory 
analytical data in Table 4 shows the difficulty in obtaining good correlation between 
even the most common etandard methods. The volatility of the materials being 
analyzed makes it difficult to properly homogenize samples to split them for 
analysis by multiple methods. Effective homogenization results in loss of a 
substallial fraction of the volatile hydrocarbons. 

Field Application 

- 

The test is similar in format and operation to other EnSys REP tests. The 
operational temperature range for use in the field with full performance as 
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described above is 60’1; tw 100°F. Up to 12 tubes can be run in one batch, so that 
several samples can be tested concurrently. The shelf life of the PETRO RI9 Soil 
Test is currently 3 monlhs, with longer shelf life expected when the real-time data 
are available, 

The PETRO RTWSoil Test is available in two configurations supporting the analysis 
of soil samples at one or two semi-quantitative lest levels. The single level test 
requires the use of a simple hand-held autodilutor, which simplifies the sample 
extract dilution phase of the test procedure. The two level test retains the use of the 
hand-held pipettor in order to obtain the flexibility necessary for two detection level 
testing. 

Rather than sending every sample to the laboratory for analysis, samples collected 
can be analyzed in the field to provide real-time information about PETRO levels to 
guide further sampling or excavation. The appropriate use of field testing can 
result in substantial savings in project cost due to more efficient use of project 
resources. All results from field analysis of soil samples using the IXTRO test 
should be accompanied by supporting QA data. At the Ieast, method and soil blanks 
should be tested daily. In addition, one duplicate sample should be tested for every 
twenty samples analyzed. Confirmation of a portion of the field results should also 
be obtained by modified Method 8015 or another method applicable in the specific 
state. 

The PETRO test can be used to screen soil samples for the presence of petroleum 
fuels. Field test data have shown that the results from the PETRO Soil Test 
correlates well with standard total PHC methods. Therefore, the results from the 
field method can be interpreted as you would normally interpret a total petroleum 
hydrocarbons measurement with petroleum fuels. The I?ETRO Soil Test is . . . 
configured to give less than 5% false negatives for samples containing petroleum 
fuels at or above the detection level used, The lack of false negatives @es the user 
confidence that all contaminated soil has been identified correctly. Because the 
PIZRO test is sensitive to a range of fuel constituents that spans the volatile and 
semi-volatile component classification, the age of a fuel spill is relatively 
unimportant. 

4 
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_ Table 1 

PETRO RLS@Soil Test Sensitivity 

Compound or Substance 

dI_--_----c------ 

Petroleum Full Products 
gasoline 
diesel fueL #2 
jet A fuel 
jet fuel, JPA 
kerosene 
Fuel oil, #2 
fuel oil, 86 

Formulated Petroleum Products 
mineral spirits 
~~~a~hi.ne oil 
brake fluid 
unused motor oil 
used motor oil* 
grease 
dneral oil 

Crude Oilt 
Ingram 
Vermilion 
Walker 
Louisiana 
Main Pass 

Aromatic Compou.nds 
benzene 
toluene 
ethylbenzene 
0 -xylene 
m -xylene 
p-xyltne 
styrene 
1,2-dichlorobenzene 
hexachIorobenzene 
naphthalene 
acenaphthene 
biphenyl 
creosute 

Concentration Necessary to 
Result in Positive Test (ppm)# 

10 
15 
15 
15 
‘15 
15 
25 

40 
71000 

>lOOO 
71000 

50 
r’lOO0 
>lOOO 

60 
130 
100 
100 
100 

400 
40 

7 
8.5 
a 

45 
7 
2.5 

10 
0.8 
0.5 

10 
1.5 
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Compound ox Substance 

---B---------L- --- 

Aliphatic Compounds 
2-methyipentane 
hexanes, mixed 
heptane 
iso-octane 
undecae 
trichforoeUlylene 
Ml-BE 

Table 1 
Conlinued 

Concentration Necessary t0 
Result in Positive Tesl (ppm) 

35 
65 

130 
8.5 

>1 000 
>lOOO 
=-1000 

# Samples with stated concentration wili give povitive result greater thm 95% of the time when tested 
at stated concentration level. 

l Variable, depending on source; consult Technical Scrvicea for application guidance 
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Table 2 
PETRO RI!%% Soil Test Spike Correlation 

Fuel Spike PETRO RIW Test Evaluation 
TYPC Level (ppm) Results@ (ppm) 

-w-w-- -------- ------------- --_-m-w- 

none 40 (12/ 12) . 
gasoline 2 40 (12/ 12) l 

gasoline 14 210 (12/ 12) . 
diesel 4.5 45 (I 2/ 12) . 
diesel 22.5 215 (12/ 12) 0 

fuel oil, #2 4.4 d.5 (12/ 12) 6 
he1 oi& #2 22 215 45 (12/ 12) l 

GC Result‘ 
(PPm) 

-----em. 

Cl 
Z.&to.6 
12.kt2.1 
4.Oko.8 
19.8fo.8 
3.&M 
19,7%0.8 

@lmmunoaesay performed on 3 spikd samples, 4 lrpiicate determinations each; 
l Modified SW-846 Method 8015; mean of 3 spiked sample determination f standard deviation 
- Inununaassay and spike agcc 

Table 3 
IXRCI WSoil Test Customer Trial 1 

Gasoline Contaminated Soil 

Sample ID LR Result’ 100 ppm Test _ lOOO.ppm-Test 
(pp”) Result Evaluation Result Evaluation 

--___aL ----w--- ----- w-------w -------w-w--- 

AST-01 c;20 
ASP02 520 
AST-03 1700 
AST-04 130 
AS-P05 20 
AST-06 40 
AH-07 4-00 
AST-08 640 
AST-09 1600 

-c 100 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 

4 1000 
11000 
2 1000 
d 1000 
s: 1000 
-z 1000 
< 1000 
< 1000 
2 1000 

- 

-_ 

- 

- 

-~ 

- 

l - Immunoassay and IR agree 
FP - fake positive 
* Method 418.1 
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.-.. .._..I’ Table 4 
PETRO RWSoil Test Customer Trial 2 

Diesel Contaminated Soil 

Sample Gc IR** 
ID extractiblcs’ (ppm) 

(PPm) 
--d-w ------- e--w 

1-B 5720 20800 
2-A 610 14700 
2-B 370 6800 
2-c 2270 1950 
3-B 4870 18600 
3-C 760 1180 
4-A 66 4100 
4-B 303 2100 
5-A 20400 29600 
S-B 26300 28600 

267 330 
6-B 550 22700 
8 59300 64400 
9 26500 12900 

75 ppm Test 
Result Evaluation 

IR 
-- 

6 - Immunousay and CC or IR results agree 
FP - False positive 
FN - False negative 
W - False pasitive but within 25% of GC or IR results 
FN’ - False negative but with 25% of GC or iR results 
* Modified SW-846 Melhod 8015 
** Method 414.1 

750 ppm Test 
Evaluation Result 
GC IR 

----- 

2750 
2750 
2750 
1750 
2750 
<750 
<750 
(750 
2750 
2750 
2750 
2750 
2750 
2.50 

a- -- 

. . 
. 

5 l 

4 . 

FG FL 

0 FN 
. FN 
. + 
. 

Fi 
E ’ 
. 4 
0 l 
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Table 5 

PETRO RIS@Soil Test Customer Trial 3 
Diesel Contmninated Soil 

Sample ID GC Result’ 15 ppm Test 
(Pm Result Evaluation 

------- ---NC-I --d-s -B---B-- 

N102504 
N91701 
N92401 
N91801 
NlOO103 
N102301 
N100502 
Iu91401 
NC03004 
N91501 
N102502 
NC103003 
NlOO902 
N100503 
N102202 
NY3001 
N101301 
N90901 
NllOlll 
NllOlO8 
Nll0112 
NllOllO 

40.0 215 
83.0 215 
17.0 215 
73.0 115 
16.0 215 
410 e15 
43.0 215 
40 <: 15 
>200 215 
cl0 <:15 
44.0 215 
,200 215 
17.0 -z 15 
26.0 2 1s 
40 cl5 
61 .O 2 15 
cl0 < 15 
15.0 <. 15 
cl0 -=I5 
40 '<I5 
-40 cl5 
cl0 cl5 

FN* 

FN’ 
l 

. + 

. 

l 

- 

- 

- 
v - Immunoassay and GC results agree 
FW - False negative but within 25% of GC results 
* Modified SW446 Method 8015 
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Table 6 
PETRO RI%@ Soil Test Customer Trial 4 

Crude OiI Conlaminated Soil 

Sample ID GC Result* 100 ppm Test 
(ppm) Result Evaluation 

-----me ---cd-c --mm- -------- 

fig2902 40 
E91901 61 
E92002 c40 
El00701 K40 
El00501 239 
El00602 40 
E92001 105 
El01001 (40 
E92201 320 
E92802 133 
E93001 124 
El00901 40 
El01002 186 
ElOUOl c40 
El01201 /-40 
El00403 40 

-c 100 
2 100 
2 100 
-c 100 
2! 100 
2 100 
2 100 
2 100 
c 100 
2 100 
2 100 
< 100 
2 100 
-z 100 
2 100 
< 100 

l - kTanunodssay rind GC results agree 

FP - Pa&se positive 
FN - &lee negntivc 
* Modified SW-846 Method 8100 
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SOIL AND ROCK SAMPLING i(evlslon iffemve Date 
2 35/04/90 

1 .o PURPOSE 

The ourpose of this proceaure IS to rdentrfy the equipment, seauence of events, ana aoproprrate 
netnoas necessary to ootarn soli, both surface and subsurface, ana rock samples during field 
sampling activities. 

2.0 SCOPE 

The methods described within this procedure are applicable while collecttng surface ana subsurface 
so11 samples; obtaining rock core samples for lithoiogrc and hydrogeologrc evaiuatron; 
excavatron/founaation aesrqn ana relatea clvri engrneenng purposes. 

3.0 GLOSSARY 

“ana Auaer- A samoling aevlce usea to extract sori from the qrouna In a relatlveiy UnolStUrDed form 

Thin-Walled Tube Samoler - A thtn-walled metal tube (also called Shelby tuDe) usea to recover 
reratrvely unaisturbea s01i samples. These tubes are avarlabie in various sizes, ranging from 
2 to 5 inches O.D. and 18 to 54 incnes long. A statronary prston devrce may be rnctuaed In the sampler 
to reduce sampling aisturbance and increase sample recovery. 

Soiit-Barrel Samoler - A steei tube, split in half lengtnwrse, with the halves heid together by threaded 
collars at errher end of the tube. Also called a split-spoon sampler, thrs device can be driven into 
resistant materials using a drrve wergnt mounted in the drrlling strrng. A standard split suoofl sampler 
(used for oerformrng Standara Penetration Tests) is 2 inches outside diameter (OD) and l-318 inches 
lnsrde alameter (ID). This standard spoon typically is available In two common iengths, providing 
etther 20-incn or 26incn rongitudrnal clearance for obtarnrng 18-incn or 24-incn long Samples, 
resoectlvery. These sprat-sooon sambrers range In size from 2-incn O.D. to 3-l/2-incn O.D., deoendrng 
Joon manufacturer. -he larger sizes are commonly used wnen a larger volume of materrai Is 
reauirea. 

Rock Conna - A methoa In whrch a contrnuous solid cylindrrcai sample of rock or comoact rock-iike 
soii IS ootarnea by the use of a double tube core barrel that IS eaurooea wirh an aoproorlate 
dramond-stuaded drill bit wnlch IS advancea with a hydraurIc rotary arlilinq macnlne. 

‘Nlre-Line Corlna - As an alternate for conventronai coring, this IS vaiuable In seep nole anlling, since 
:hrs metnoa elimtnates trips in and out of the hole with the corrng equipment. \Nith this technraue 
:he core barrel becomes an rntegrai Dart of the arlil rod strrng. The dnrl rod serves as both a coring 
device ana casing. 

4.0 RESPONSIBILITIES 

LieId Ooeratrons Leader - Resoonsrole for overall management of field activities ana ensuring that the 
approonate samoling proceaures are berng imolementea. 

Site Geoloarsr - The site qeoroqrst directly oversees the samprrng proceaures, c!assifies soli and rock 
samples, ana airects tne DacKaqinq ana shloplnq of sori samotes. Sucn auties may also oe oerformeo 
oy geotecnnrcal engineers. i!eid tecnnrclans, or other qualliied field oersonnel. 
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5.0 PROCEDURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface soli samples are usea to charactenze subsurface stratlgrapny. This cnaractenzatron can 
Indicate tne potentlai for mtgratlon of cnemlca) contaminants in the suosurface. ‘n addition, 
definition of the actual migratron of contaminants can be ootalnea through chemical analysrs of the 
soli samples. ‘iVhere the remeaial actlvltles may Include In-situ treatment or the excavatron and 
removai of the contaminated soli, the aeptn and areal extent of contamlnatlon must be known as 
accurately as possrble. 

Englneerlng ano ohyslca) prooenres of SOII may also be of interest should site construction activities 
be piannea. 5011 types, grain site distrrbutron, shear strength, comoresslbiiity, permeaoility, plasticity, 
unit welgnt, ana morsture content are some of the pnyslcar charactenstics that may oe determined 
ior soil samoles. 

zenetration tests are also aescrioea in tnls oroceaure. The tests can oe usea to estimat’e varrous 
pnyslcal ana engineering parameters sucn as relative aenslty, unconiinea compressive strength, and 
consolidation cnaracterlstlcs of solis. 

The proceaures described here are representative of a larger number of possible drriling and 
sampling tecnnraues. The choice of techniques IS based on a large number of vanables such as cost, 
DQOs, local geology, etc. The final choice of methods must be made with the assistance of drilling 
subcontractors familiar wrth the local geologic conditions. Alternative techmaues must be basea 
upon the unaeriylng principles of quality assurance Implicit in the followlng proceaures. 

5.1.1 Equipment 

The following eauloment IS used for subsurface soii sampirng ana test boring: 

3 Drllllng eauipment. proviaea 0~ suxontractor. 

l Split oarrel (split snoon) samolers, OD 2 Inches. ID l-3/8 incnes. either 20-incn or 26 incnes 
Long. Larger O.D. samplers are available If a larger volume of samoie IS neeaed. A common 
size IS 3-Inch O.D. (2-l/2-incn I.D.). 

l Thin walled tunes (Shelby), O.D. 2 to 5 incnes, 18 to 54 lncnes long. 

0 Drlve weight assembly, 140-lb. ( ?I 2 lb.) weight, driving nead and guide permitting free fail 
of 30 incnes ( 2 1 Incn). 

0 Drive weiqnt assemoly, 300-lb. ( 2 2 lb.) welqht, dnving neaa ana guide permlttlng free fall 
of 18 lncnes ( C 1 ~ncn). 

0 Accessory equrpment. including taoels, logbooK, paraffin, an0 samole jars. 

1334901 
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5.1.2 Solit Barrel (Split Sooon) Samuiinq (ASTM D1586-841 

The ioilowrng metnoa wail be used for split barrel sampling: 

l Ciean out the oorenote to the desrred sampling aeptn using equipment tnat wiil ensure 
that the material to be samplea is not dlsturbea by the oberatton. In saturated sands ana 
slits, withdraw the drill bit slowly to prevent loosenrng of the so11 arouna the hole and 
malntam tne water ievei in the nole at or above qrounawater levei. 

0 Side-aischarqe bits are permrssrble. A bottom-discharge bit shall not be Used. The process 
of jetting throuqn an open tube samoier and then sambiinq when the aeslrea depth is 
reacned shall not be permrtted. !Nhere casing IS used, it may not be driven below the 
sampling elevation. 

0 Install the split barrei sampler and samoiing roos into tne boring to the aesirea sampling 
deptn. .Ifter seating the sampler oy means of a slnqle hammer DIOW, Three g-inch 
ncrements snail be marKed on tne sampling roa so tnat tne brogress oi tne samoler can be 

monitorea. 

0 The 2-inch OD split barrel sampier shall be driven wrth blows from a 140-lb. ( 2 2lb.I 
hammer falling 30 inches (5 1 Incn) until either a total of 50 blows have oeen applied 
during any one of the three 6-inch Increments, a total of 100 blows have been applied, 
there IS no observea advance of the sampler for IO successive hammer blows, or until the 
sampier has advanced 18inches wrthout reaching any of the blow count IimItation 
constraints described herein. This process IS referrea to as the Standard Penetration Test. 

l A 3004b. werqht failing 18 inches IS sometrmes used to drive a 2-l/Z-inch or 3-inch O.D. 
spoon samoler. This procedure IS usea where oense materiais are enounterea or wnen a 
:arqe volume of samole is required. However, this metnoa aoes not conform the ASTM 
soeciiicatrons. 

l ‘7eoeat fhls oberatron at Intervals not greater than 5 feet In nomogeneous strata. or as 
speciiiea in the sampling plan. 

0 ?ecora ?he number of blows reourred to effect eacn 6incnes of penetration or fraction 
:hereoi. The first 6inches IS conslaerea to be seatrng arlve. -he sum of The number Oi 
blows required for the second ano thlro 6 inches of oenetratron IS termea rne oenetratlon 
resistance, N. If the sampler IS driven less than 18 rncnes, tne penetration resistance IS that 
for the last 1 foot penetrated. 

0 aring tne SamPier to the surface and remove oath enas ana one haif of the SDllt barrel so 
that tne sari recovered rests In the remalnlng nalf of the carrel. Descrroe carefully the 
sample interval, recovery (lengtn), composition. structure, consistency, color. common. 
etc., of the recovered soli then out a representative oortlon of eacn samule into a jar. 
,drthout ramming. Jars wrth samoles not taken for chemrcar analysis snali be Seaiea wltn 
‘Nax. or nermetically seared (using a teilon cao iinerl to brevent evaborarlon Of the sorl 
morsture, lf the samole IS to be rater evaluated for moisture content. Affix laDeis to the !ar 
ana complete Chain-of-Custody and otner reourrea samule aata forms. ‘rofect samples 
agalnsr extreme temperature changes and breaKage uy olacrng tnem In abtorobrrate 
cartons storea in a orotectea area. ~ertrnent data wnlcn snarl be nOled on me label or 
Nritten on tne Jar Ild for eacn samore lncluoes tne orolect numoer. oorlng numoer. samole 
IumDer, oeDth interval, blow counts, ana date of samotrng. 



3.ecI Yumoer ?aqe 
Gki-1 3 : of 13 

SOIL AND ROCK SAMPLING ?ewslon Effecrrve 3ate 
2 55/04/90 

l An aqdition to the sampler mentronea above IS an Internal liner, ‘which IS spiit 
;ongltualnally ana nas a thin-wall brass, steel, or paoer liner Inserted InsIde, wrrrch wail 
preserve the samote. iowever. since the aeveropment of the thin-walled s#amplers 
(mentronea below) the solIt barrel sampler with liner has aeclined In use. 

5.1.3 Thin Walled Tube (Shelbv Tube) Samolinq (ASTM D1587-831 

?iVhen It IS desired to take undisturbed samples of soil, thin-walled seamless tube sampiers (Sheiby 
tubes) WIII be used. The foilowing metnoa will be used: 

l Clean out the borenole to the sampling depth, being careful to minlmlze the chance for 
disturDance of the material to be sampled. In saturated materrais, withdraw the drill bit 
slowly to orevent loosenrng of the so11 around the borenole and malntaln the water level in 
the hole at or aoove groundwater ievel. 

l The use of bottom atscharge bits or jetting througn an open-tube samoler to clean out the 
hole snail not De ailowea. Any side discharge Dots are permitted. 

l A stationary piston-type sampler may be reaulred to limit samDIe disturbance and aid in 
retaining the sample. Either tne hydraulically operated or control roa activated-type Of 
stationary piston sampler may be used. Prior to Inserting the tube sampler In the hole, 
check to ensure that the sampler head contains a check valve. The check valve IS necessary 
to keen water In tne samoling rods from pushing the sample out of the tube sampler 
during sample wltndrawal ana to maintain a suctton within the tube to help r’etain the 
sample. 

l To mrnimlze cnemlcal reaction oetween the samDie and the samollng tube. brass tubes 
may De requlrea, esoecially ii the tube IS stored for an extenaed time prior to testing. 
While steel tuDes coatea wlrir snellac are less exoenslve than Drass, they are more reactive, 
ana snail onlv oe usea wnen tne samDIe wlli be tested within a few aays atier samoling or lf 
cnemical reaction IS not antlciDated. With the samDl)ng tube resting on the bottom oi the 
nole ana the water ieve) In the boring at the groundwater levei or aoove, pusn the tuDe 
lnto the so11 by a continuous and rapid motion, without Impacting or twisting. In no case 
shall the tube be ousned fartner than the length provided for the soli samDIe. Allow about 
3 incnes in the tuDe for cuttings and Sludge. 

l Upon removal of the sampler tube from the hole, measure the length of sample in the tuDe 
and also the length penetrated. Remove disturbed material In the uoper end of the tuOe 
and measure the lengtn of samoie again. After removing at least an lncn of so11 from tne 
lower end and after inserung an ImDervlous disk, seal both enas of the tube with at least a 
l/2-incn thickness of wax aoplled In a way that WIII prevent the wax from entering tne 
samole. Newspaper or other types of filler must be Dlaceq in voids at either end of the 
SamDler pnor to sealing with wax. Place Dlastlc caDs on the enqs of the samoler, tape in tne 
caps Dlace. ana dlD tne ends in wax. 

l Affix labels to tne luDes as reaulrea anq record samDIe number, depth, penerratlon, and 
recovery ienqtn on tne label. ‘Jlark the same tniormatlon anq “up” directlon on the tuDe 
with lnaellble Ink, ana mark the end of the samDIe. ComDlete Chain-of-Custoqy ana other 
reaulrea forms. Do not allow tubes to freeze anq store the samples vertlcarly (with the 
same Orlentatlon they nad In the grouno, I e., toD of samDIe IS UD) In a COOI olace out oi the 

-- 
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sun at all times. Ship samples orotected with suitable resriient packing matenai to reduce 
shock, vlbratron, and disturbance. 

Thin-walled undisturbed tube samplers are restncted in their usage by the consrstency of the so11 to 
be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and SOIIS with 
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denrson or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff solIs. Using these devices 
normally increases sampling costs and therefore their use shall be weighed against the increased cost 
and the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube 
sampler, an attempt shall be made with a spiit barrel sampler at the same depth so that at least a 
sample can be obtained for classrficatlon purposes. 

5.1.4 Continuous Core Soil Samples 

The CME continuous samole tube system provides a method of sampling so11 contrnuously during 
hollow stem augenng. The S-foot samore barrel fits within the lead auger of a hotlow auger column. 
The samolng system can be used with a wide range of I.D. hollow stem augers (from 3-1Winch to 
8-li6lncn I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine talligs, etc. This method is panlcularly usea when SPT samples are not 
required and a large volume of material is needed. Also, thlS method is useful when a visual 
description of the subsurface lithology is required. 

5.2 SURFACE SOIL SAMPLES 

For looseiy packed earth or waste pile samples, stainless steel scoops or trowels can be used to collect 
representative samples. For densely packed SOIIS or deeper so11 samples, a hand or power soil auger 
may be used. 

The followlng methods are to be used: 

0 Use a so11 auger for deep samoles (6 to 24 incnes) or a SCOOD or trowel for surface samoles. 
Remove debris. rocks, twigs, and vegetation before collection of sol/. Vark the location 
wrth a numberea stake if possible and locate sample points on a sketcn of the site. 

l ?ise a new or freshly-decontaminated sampler for eacn sample taken. Attach a label and 
ldentrficatlon tag. Record all required InformatIon In the field logbook and on the SamPie 
log sheet, Chain-of-Custody record, and other require0 forms. 

0 pack and ship accordingly. 

0 When a representative composrted sample is to be preoared (e.g., samoles taken from a 
gndded area or from several different depths), It is best to comooslte lndivldual Samples In 
The laboratory where they can be more precisely comooslted on a werght or volume bass. 
If this IS not oosslble. the lndivldual samples (all of eaual volume, I e., the sampie bottles 
snail be full) shall be placed In a decontaminated stainless steel bUCKet, mlxed thoroughly 
uslng a stalniess Steel spatula or trowel, and a composite sample collected. 

- 

-_ 

.- 
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5.3 WASTE PILE SAMPLES 

The use of staInless steel scoops or trowels to ootaln smail discrete SamDIeS Of homogeneous waste 
blles IS usually sufficient for most conaitions. iayerea (nonnomogeneous) plies reaulre tne use of 
tube samplers to otxaln cross-sectional samoles. 

l Collect small, eaual porrlons of the waste from several oolnts around the olie, penetratmg 
it as far as practical. Use numoerea stakes, rf posslole, to mark the sampling locatIons and 
locate sampling points on the site sketcn. 

0 Place the waste samale In a glass container. Attacn a label and identlficatlon tag. Record 
all the requrred informatlon In the iieid logoook ana on the sample log sneet and other 
required forms. 

Cor layerea. nonnomogeneous oiies. grain samolers. samollng triers, or waste oiie samolers must be 
dsea at several reoresentatrve locatIons to acaulre a cross-sectIon oi the olie. The basic steos to ootain 
eacn samole are 

0 Insert a sampler into the pile at a 0- to 45-degree angle from the horizontal to mrnimize 
sptllage. 

0 Rotate the sampler once or twice to cut a core of waste material. Rotate the grain sampler 
inner tube to the open posmon and then shake the samoler a few times to allow the 
materral to enter the ooen slits. Move the sampier into position with slots uoward (grain 
sampter ciosed) and slowly withdraw from the pile. 

5.4 ROCK SAMPLING (CORING) (ASTM D2113-83) 

Rock conng enables a detarled assessment of borenole conaltions to be maae, snowing precisely all 
i!tholog~c cnanges ana charactenstlcs. Because conng IS an extensive arriling metnoa. IK 1s commonly 
Jsea for snailow studies of 500 feet or less. or for sbeclfic Intervals In the anil hole tnat reaulre 
aetailea logging ana/or analyzing. t can, rowever, proceea for tnousanas of feet continuously, 
depenalng on tne size of the dnll rig. It yields better ouallty data than air rotary arllllng. aithougn at 
a suostantlally reauced dnlling rate. Rate of dnlling vanes widely, deoenqing on the cnaraicteristics of 
llthologles encountered, drilling methoas. deotn of dnlling, and conqltron of dnlling eauipment. 
Average outout in a 1 O-hour day ranges from 40 to over 200 feet. Downnole geoonyslcar logging or 
televlslon camera monitonng Is sometrmes usea to comolement tne qata generatea by coring. 

3orenoie alameter can be drilled to various sizes, depenolng on the InformatIon neeaea. Standard 
sizes of core Darrels (showing core aiameter] ano casing are snown in Attacnment No. 1 

Core anlling IS used when formations are too hard to be sampled by soli samollng methods and a 
continuous solid samole IS desired. Usually, soli sambles are used for overourden, ano cortng begins in 
souna bearock. Casing Is set into oearock oeiore conng oeqlns to prevent !oose material from * 
entenng the oorenote, to prevent loss oi artlllng iiuld, and to prevent cross contamination oi 
aauiiers. 

1334901 
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AlTACHMENT 1 
I 

STANDARD SIZES OF CORE BARRELS AND CASING 

7 
Nomlnoi * set $110 * 

0 0. I IO 0.0. I I. 0. 

NX.NXL, W6. HWY i 3 I 1 2.965 \ 2.155 I 

NWT 533 3* 3 869 3.187 

NW6 39 ma 3 3.ba9 Loo0 

6 X 7+ t+ 6 7 655 5.970 1 I 

! v L I 

ax Wire lin4 II 
Zf 

7 I- 
16 2.345 I en 

* All dlmcnrions are In Inches; tg convert tg mltlimetcrz, mulWy by 254. 
II Win l~nc dtmcnswns and deslqnotrans may vary acccrdlnq f0 rlWtWfOCt;iRr 
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Irrlling tnrougn oearock IS Inmatea by using a alamona-tlapea core on threaaed to a drlil roa (outer 
core barreli with a rate of dnlling aetermtnea by tne aownward pressure, rotaflon soeea of drlli rods, 
drrlling iiuid pressure In the oorenole, ana the cnaractenstlcs of the rock (tntneralogy, cementation, 
weatnerrnqj. 

5.4.1 Diamond Core Driiiinq 

A penetration of typlcaily less than 6 inches oer SO blows using a 140-lb. hammer arooprng 30 incnes 
with a 2-incn split spoon sampier shall be consrderea an indicatron that so11 sampiing metnods may 
not be applicable ana that coring may be necessary to obtain samples. 

When formations are encountered that are too hard to be sampled by soil sampling methods, the 
ioilowrng alamond core arllling proceaure may be usea. 

0 Firmly seat a caslnq Into the bedrock or the hard materrai to prevent loose materrais from 
entenng the nole ana to prevent the toss of drilling fluid return. Level the surface of the 
rock or nara matenal when necessary oy the use of a fishtail or otner arts. of ?he anil hole 
can be retained ooen without the casing and if cross contammatron of aaurfers in the 
unconsolidatea materrals IS unrrkeiy, rt may be omnted. 

l Begin the core dnilinq using a double-tube swivel-core barrel of the aesrrea size. After 
drilling no more than 10 feet (3 m), remove the core barrel from the hole, and take out the 
core. If the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. in soft matenais, a large starting size may be soecrfied for the conng tools; 
where local exoenence indicates satisfactory core recovery or where hara, souna matenais 
are antrcrpatea. a smaller stze or the single-tube type may be specified ana longer runs may 
be drilled. NXINW size coring eaupment is the most commonly used size. 

l When soft materials are encounterea that proauce less than SO percent recovery, stop the 
core anlling. ,i solI samoles are aesired. secure sucn samores In accoraance with the 
oroceaures aescnoed In ASTM Methoa D 1586 (Spilt Barrel Samollng) or In Metnoa 0 1587 
(Thin-Walled Tube Samorrnq) for Samollnq of Solis (see Sectton S. 1.: ana 5.1 2). Resume 
dramona core aniling when reiusal materials are agarn encounterea. 

0 Since rock structures and the occurrence of seams, fissures, cavltles. ana broken areas are 
among the most lmoortant Items to oe oetected ana described.. take soeclal care to obtain 
and recora these features. If such broken zones or cavttres prevent further aavance of the 
boring, one of the followrnq tnree steps snali be taken: (1) cement the nole; (2) ream and 
case: or (3)case and advance with tne next smaller size core barrel, as the conaltlons 
,warrant. 

l 9 soft, seamy, or otherwise unsouna rock, where core recovery may De aliiicult. M-design 
core barrels may De used. In nard, sound rock wnere a nrqh percentage of core recovery Is 
anticIpatea. the single-tube core oarrer may oe emocoyea. 

5.4.2 Rock Samoie Preoaration and Documentation 

Once rne row corlnq nas Deen compieted ano the core recoverea. the rocK core wall be CarefUllY 
removea from the barrel, alacea In a core tray (previously labe!ed “:oD.’ ana “bottom ’ 10 avoId 
confusIon), classified. and measured for oercentage of recovery as well as tne rock auallty designation 
(RQD). fen core snail oe aescnoea. c!assliieo. ana loageo uslna a unliorm swem as cresemea In 
Jroceaure Gil-l 5. rf rnotsture I- --‘ent WIII be aetermrnea or ri it-is aeslraole to orevent drylnq (e.g., 
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to prevent snrtnkage of clay formatlons) or oxrdatlon of the core, the core shall be wrapped in piastic 
sleeves rmmeaiately after logging. Each plastrc sleeve shall be labeied with indelible ink. The borrng 
number, run number, and the footage reoresented in each sleeve shall be included, as well as the top 
ana bottom of the core run. 

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden 
boxes orovrded by the drilling contractor. Rock cores from two different borings shall not be placed 
in the same core box unless accepted by the Site Geologist. The core boxes shall be constructed to 
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the 
top securely fastened down. Wood partitions shall be placed at the end of each core run and 
between rows. The depth from the surface of the boring to the top and bottom of the dnil run and 
run number shall be marked on the wooden partitions with indelible ink. A wooaen partition 
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run 
written on the block. These blocks wiii serve to separate successive core runs and indicate depth 
intervals for each run. The oraer of placlng cores shall be the same tn all core ooxes. Rock core shall 
be olaced in the box so that, when the box IS open, with the InsIde of the lid facing the observer,the 
top of the cored interval contalned within the box is in the uoper left corner of the box,and the 
bottom of the cored interval is in the lower right corner of the box (see Attachment 2). The top and 
bottom of eacn core obtained and its true depth shall be clearly and permanently marked on each 
box. The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core In the box. Similarly, an empty space in a row shall be filled with an appropriate filler 
materiai or spacers to prevent longitudinal movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data 
on the box’s contents. At a minimum, the following information shall be included: 

Prolect name 
Project number 
Borrng number 
Run numoers 
Footage (depths) 
Recovery 
RQD (%) 
BOX number and total number of boxes for that boring (Examole: Box 5 of 7) 

For easy retnevai when core boxes are stacked, the sides and enas of the box shall also be labeled and 
Include project number, boring number, top and bottom depths of core and hox number. 
Attacnment No. 2 illustrates a typlcal rock core box. 

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the 
Inside cover shall be taken. If moisture content IS not crltical, the core shall be wetted and wlpea 
clean for the onotograph. (This WIII heio to show true colors ana bedding features In the cores). 

1334901 
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1 .o PURPOSE 

The puroose of this procedure is to describe tt- : nethods, the sequence of operations and the 
equipment necessary to perform soil and rock borrngs. 

2.0 SCOPE 

This guideline addresses most of the acceoted and standard drilling techniques, their benefits and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

3.0 GLOSSARY 

Boulders - Rounded, semi-rounded or naturally angular particles of rock larger than 12 inches In 
diameter. 

C& - iine grained so11 or portions of soil having certain physical propertIes, composition and texture. 
Clay exnibrts plastic propenres within a range of water contents and exhibits considerable strength 
when air dried. Clay consists usually of fragments of hydrous aluminum or magnesium silicate 
mrnerals, and it consists predominantly of grains with diameters of less than 0.005 mm. 

Cobbles - Rounded, semi-rounded or naturally angular particles of rock between 3 inches and 
12 inches in diameter. 

Gravel - Rounded or semirounded particles of rock that will pass a 3inch sieve (7.62cm) and be 
zd on a No. 4 U.S. standard sieve (4.76 mm). Coarse gravel is larger than 3/4-inches, while fine 
gravel IS finer than 3/4-inches. 

Stone - Crushea or naturally angular particles of rock that will pass a 3 inch sieve (7.62 cm) and be 
retalnea on a No. 4 U.S. standard sieve (4.76 mm). 

Rock - Any consorldated or coherent and reiatlveiy hard, naturally formed mass of mineral matter. 

Sand - Particles of rock that will pass a No. 4 U.S. standard sieve (4.76 mm) ana be retained on a 
No.00 U.S. standard sieve (0.074 mm). Coarse sand IS larger than a No. 10 sieve, and fine sand is finer 
:han a No. 40 sieve (0.42 mm). 

Silt - ~Vlateriai passing the No. 200 U.S. standard sieve (0.074 mm) that IS nonplastic or very slightly 
&lc and that exhibrts little or no strength when air dried. 

Soil - Sediments or other unconsolidated accumulatrons of solid parucies that are produced by the 
pnysrcai and chemical disintegration of rock ana that may contain organic matter. 

‘Jndisturoed Samoie - A roll sample that has been obtained by methods In wnlch every precaution has 
been taKen to mtnimlze disturbance to the sample. 

‘Water Table - A surface in an aquifer where groundwater pressure IS equal to atmosohenc oressure. 

-_ 

- 

- 

- 

- 

- 
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4.0 RESPONSIBILITIES 

Site Manaaer - in consultatton with the orolect geologist, responsible for evaiuatlng tne dnlling 
-eaurrements for tne site ana soecliying arilling technraues that WIII be successful given the study 
ooJectlves ana geologic conaitlons at the site. He should also aetermtne tne disposal metnods for 
proaucts generatea by anlling, sucn as anll cuttrngs and well deveiooment water, as weil as any 
specialize0 suoplles or roglsttcal su~pon reauirea for the ariiling operatlons. 

Site GeoloaistIRia Geoloqlst - ?esponslble for Insuring that standard and aoproved drilling 
oroceaures are followea. The geoioglst wail generate a detailed boring log for eacn test hole. This 
;og snail include a descrlotlon of matertals. samples, method of sampilng, blow counts, and other 
oerunent arilling and testrng information that may be obtarnea during drilling (see AttacnmentA of 
Droceaure GH-1.7). Often tnrs position for insoectrng the drilling operations may oe filled by other 
geotecnnlcal personnel, sucn as soils ana founaatlon englneers, clvli engrneers, etc. 

Ietermlnatlon of the exact tocatlon for oorlngs IS the responslbliity of the site geologist. The final 
ocatlon for anlling must be oroperiy aocumentea on the boring tog. The general area in which the 

borings are to oe iocatea WIII be snown on a site mao rnciudea in the Work Plan. 

Field Ooeratrons Leader - Responsible for overall supervision ana scneauling of drilling activities. 

Drillina Subcontractor - Responsible for ootaining all drilling permrts and clearances, and supplying 
all services (including labor), equipment and material reaurrea to perform the dhlling, testrng, and 
well installation program, as well as maintenance and quaiity control of such requlrea equipment 
except as stated In slgnea and approvea subcontracts. 

The anller must reoot-t any mayor technlcal or analytical proolems encountered in the field to the 
Field Ooeratlons Leaaer wlrnln 24 hours, and must provlae aavance written notlficatlon for any 
cnanges In field oroceaures descnolng ana lustrfying sucn cnanges. No sucn changes snail be made 
Jnless reauestea and authonzea in wrltlng DY the Fieid Operations Leaoer. 

-he antling suocontractor wail be resoonslole for iollowlng aecontamrnatlon oroceaures soeclfiea In 
The Work P!an. ‘Loon comoietion of the work, the Drilling Subcontractor WIII be reso’onslble for 
demooilizing ail eauipment, cleaning up any matenais deoosltea on site auhng anlling operations, 
and orooerly backfilling any open borings. 

5.0 PROCEDURES 

5.1 GENERAL 

The ouroose of drilling borenoles IS: 

l -0 determine tne type, thickness. ana certain onyslcal ana chemical orooerr!es of the soli. 
‘water ana rock strata wnlcn unaerlte tne site. ana 

b -0 install monitonng wells or piezometers. 

411 dr:lling ano samollng eauioment wlli be cleaned using approonate aecontamlnatlon oroceaures 
(see +oceaure GH-1.6 ana SF-2.3) between samples ana borings. dnless otnetwlse soeclfiea. IK :s 
Generally aovlsaole to or111 borings at ‘clean ’ locatlons first, ana at tne most contaminated locatlons 
ast. to reouce tne risk of soreading Contamlnatlon oetween tocatlons. AlI borings must be loggea ov 

:ne rig geologist as tney proceea (see Proceaure Gil-1 5) unless tne FSAP speclflcally states trat 
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ioggrng IS not reaulred. Situatrons where roggrng would not be required would include installation 
of multiple well points within a small area, or a “second attempt” boring adjacent to a borrng that 
could not be continued through resistant material. In the latter case, the boring log can be resumed 
5 feet above the aepth at which the initial boring was abandoned, although the hg geologist should 
still confirm that the stratigrapny at the redrilled locatlon conforms essentrally with that encountered 
at the original location. If signrficant differences are seen, each hole should be logged separately. 

5.2 DRILLING METHODS 

The selected drilling methods described below apply to drilling In subsurface matenals, including, but 
not limited to, sand, gravel, clay, silt, coobles. boulders, rock and man-made fill. Drilling methods 
should be selected after studying the site geology and terrarn, purpose of drilling, waste conditions at 
the site, and the overall subsurface Investlgatlon program proposed for the site. The full range of 
different drilling methods appiicable to the proposed program should be identtfied with final 
selection Dased on relative cost, avallability, time constraints, ana how well each method meets the 
samming and testing requirements of the lndiviaual drilling program. 

5.2.1 Continuous-Fliqht Hollow-Stem Auqer Drillinq 

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is reiatively quick and 
Inexpensive. Advantages of this type of drilling Include: 

l Samples can be obtained without pulling the augers out of the hole. However, this IS a 
poor method for obtaining grab samples from thin, discrete formations oecause of mixing 
of soils which occurs as the material is brought to the surface. Sampiing of such formations 
WI/I require the use of split-barrel or thin-wall tube samplers advanced through the hollow 
core of the auger. 

0 No drilling fluids are requlrea. 

l A well can be Installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling Include: 

l Augering can only be done In unconsolidated matehais. 

l The Inside diameter of hollow stem augers used for well installation should be at least four 
inches greater than the weil casing. Use of such large alameter hollow stem augers IS more 
expensive than the use of small diameter augers In borenoles not used for well installation. 
Furthermore, the density of unconsolidated materials and depths become more Of a 
limiting factor. More friction IS produced with the larger diameter auger ana subsequently 
greater toraue IS needed to aavance the boring. 

l The maximum effective aeptn for dnlling IS 150 feet or less, aeoenaing on site ConOitlOns 
and the size of augers used. 

8 In augenng througn clean sana formatlons below the water table, the sand will tend to 
flow Into the hollow stem wnen the piug IS removea for so11 samprlng or weil lnstallaton 
If the conaltion of “running” or “flowing” sands IS oersistent at a site. an alternatIve 
methoa of drilling IS recommenaea, In particular for wells or borenoles OeePer fhan 

25 feet. Hollow stem auger onlling IS the preferreo method of dnlling. Most alternatIve 
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methods reaulre the rntroductlon of water or mua downnole (air rotary IS the exceptron) 
to maintain the open oorehote. With these other methods great care must be taken to 
ensure that the method does not Interfere with the collectlon of a representative sample 
which is the object of the constructron. With this in mind, the preferred order of chorce of 
drrlling method after hollow stem augerlng (HSA) is: 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Drive and wash 
- Jetting 

However, the use of any method wiil also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary IS the only feasrbie alternatlve to hollow stem augenng. Thus, mud rotary drilling IS 

generally acceptable as a first subsfltute for HSA. 

The procedures for sampling soils througn holes dnlied by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and D1586-84. The hollow stem auger may oe advanced by 
any power-operated drilling machine having sufficient torque and ram range to rotate and force the 
auger to the desired depth. The machine must, however, be equipped with the accessory equipment 
needed to perform required sampling, or rock corrng. 

When taking soil samples for chemical analysis, the hollow-stem auger shall be plugged until the 
desired sampling depth is reached. Samples can be taken using split-spoon or thrn wall tube samplers 
driven Into the formatlon in advance of the auger (see Procedure GH-1.3). If the sample is to be taken 
at a relatively deep point, the auger may be advanced without a plug to within five feet of the sample 
depth. Then clean out the auger stem, Insert a plug and continue to the sampling deoth. The plug IS 
then removea and samples taken as specrfied by the ng geologist. Samples snouid be taken 
accoralng to the specrficatlons of the sampling plan. Any reaulrea sampling snail be oerformed by 
rotation, presslng, or dnving In accordance with tne standara or approved methO governing use of 
the oartrcular sampling tool. The sequence snail be reoeated for each sample deslrea. 

The nollow-stem auger may be used without the piug when boring for geotechnlcal examtnation or 
for well installation. 

When drilling oelow the water table, soeclally-designed plugs which allow oassage of formation 
water but not solid material shall be used (see Reference 1 of thus guldelrne). This method also 
prevents blow back and plugging of the auger when the plug IS removed for sampling. 

Alternately, It may be necessary to keep the hollow stem full of water, at least to the level of the 
water table. to prevent blowback and plugging of the auger. If water IS added to the hole, It must be 
samoled and analyzed to determine tf it IS free from contamrnants prior to use. ;n addition, the 
amount of water Introduced, the amount recovered upon attainment of depth, ana the amount of 
water extracted during well deveiopment must be carefully logged in order to ensure that a 
reoresentative samole of the formatron water can be ootalned. Well development shouid occur as 
soon after well completion as oractlcaole (see GH-1 7 for Well Development Procedures). If gravelly 
or hard material is encountered which prevents advancing the auger to the desired depth, augerlng 
should be halted and either arlven casing or hydraulic rotary methods should be attemoted. If the 
deoth to the bedrock/soli Interface ana bedrock llthology must be determined. then a S-foot 
conirrmatory core run snoutd be conducted (see Sectlon 5.2.9). 
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At the option of the Field Operations Leaaer, when resistant materials prevent the advancement of 
the auger, a new boring can be attempted. The orrglnal boring must be properiy backfilled and the 
new oorlng started a short distance away at a location determined by the site geologist. If multiple 
water bearing strata were encountered, the original boring must be grouted. In some formations It 
may oe prudent to also grout borings which only penetrate the water table aquifer, since loose so11 

backfill in the boring would still provide a preferred pathway for surface liquids to reach the water 
table. 

5.2.2 Continuous-Fliaht Solid-Stem Auqer Drillinq 

This method is similar to hollow-stem augering. Practical application of this method is severely 
restricted as compared with hollow stem augers. Split barrel (split-spoon) sampling cannot be done 
without pulling the augers which may allow the hole to collapse. The method is therefore very time 
consumrng and is not cost effective. Also, augers would have to be withdrawn before Installing a 
monitoring well, which again, may allow the hole to collapse. Furthermore, geologic logging by 
examining the soris brought to the surface IS unreliable as In the case of the hollow stem auger, and 
depth to water may be difficult to determine while drilling. 

There would be very few situations where use of a solid stem auger would be preferable to other 
drilling methods. The only practical applications of this method would be to droll boreholes for well 
Installation where no lithologic information is desired and the SOIIS are such that the borehole can be 
expected to remain open after the augers are withdrawn. Alternatively, the technique can be used to 
find depth to bedrock in an area when no other information is required from drilling. 

5.2.3 Rotarv Oriilinq 

Direct rotary drilling Includes air-rotary and fluid-rotary drilling. Air-rotary drilling IS a method of 
drilling where the drill rig simultaneously turns and exerts a downward pressure on the drilling rods 
ana bit while circulating compressed air down the Inside of the drill rods, around the bit, and out the 
annulus of the oorehole. Air circulation serves to both cool the bit and remove tne cuttings from the 
borenole. Advantages of this method Inciude: 

l Thedrilling rate IS high (even In rock). 
l The cost per foot of drilling IS relatively low. 
0 Air rotary rigs are common in most areas. 
l No drrlling fluid is required (exceptwhen water IS lnjer d to keep down dust). 
l The borehole diameter IS large, to allow room for prop Nell installation procedures. 

Disaavantages to using this method Include: 

0 Formatrons must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

0 Air blown rnto the formation during drilling may “bind” the formatlon and tmoede Weil 
deveiooment and natural groundwater flow. 

0 In-situ samples cannot be taken, unless the hole is cased. 

l Casing must generally be used in unconsolidated materials. 

l Air rotary arrll rigs are large and heavy. 

_-. 
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A variation of the tvbical air-rotary drill bit is a down hole hammer which hammers the drill bit down 
, I 

as It drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock 
coring although they are generally slower than other types of core drills. A major application of the 
air-rotary drilling method would be to drill holes in rock for well installation. 

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drilling fluid 
(“mud”) or clean water is used in place of air to cool the drill bit and remove cuttings. There are a 
variety of fluids that can be used with this drilling method, including bentonite slurry and synthetic 
slurries. If a drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) 
and a “background” sample of the fluid should be taken for analysis of possible organic or inorganic 
contaminants. 

Advantages to the fluid-rotary drilling method include: 

l The ability to drill in many types of formations. 

0 Relatively quick and inexpensive. 

l Split barrel (split-spoon) or thin-wall tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 

l In some borings temporary casing may not be needed as the drilling fluids may keep the 
borehole open. 

l Drill rigs are readily available in most areas. 

Disadvantages to this method include: 

Formation logging is not as accurate as with hollow stem auger method if split barrel (split- 
spoon) samples are not taken (i.e., the depths of materials logged from cuttings delivered 
to the surface are approximate). 

Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, 
and require more extensive well development than “dry” techniques (augering, air-rotary). 

No information on depth to water is obtainable while drilling. 

Fluids are needed for drilling, and there is some question about the effects of the drilling 
fluids on water samples obtained. For this reason as well, extensive well development may 
be required. 

In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be 
continuously lost into the formation. This will require either constant replenishment of the 
drilling fluid, or the use of casing through this formation. 

Drill rigs are large and heavy, and must be supported with supplied water. 

Ground water samplescan be potentially diluted with drilling fluid. 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards: D2113-83, D1587-83, and D1586-84. 

0334901 
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For air or fluid-rotary drilling, the rotary drill may be advanced to the desired depth by any power- 
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the 
desired depth. The drilling machine must, however, be equipped with any accessory equipment 
needed to perform required sampling, or coring. Prior to sampling, any settled drill cuttings in the 
borehole must be removed. 

Soil samples shall be taken as specified by the Work Plan or more frequently if requested by the field 
geologist. Any required sampling shall be performed by rotation, pressing, or driving in accordance 
with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may 
be drilled at the request of the field Operations Leader. The original boring shall be backfilled using 
methods and materials appropriate for the given site and a new boring started a short distance away 
at a location determined by the site geologist. 

5.2.4 Reverse Circulation Rotarv Drillinq 

The common reverse-circulation rig is a water or mud rotary rig with a large diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow 
direction from direct mud rotary). This type of rig is used for the construction of large-capacity 
production water wells and is not suited for small, water-quality sampling wells because of the use of 
drilling muds and the large diameter hole which is created. A few special reverse-circulation rotary 
rigs are made with double-wall drill pipe. The drilling water or air is circulated down the annulus 
between the drill pipes and up inside the inner pipe. 

Advantages of the latter method include: 

l The formation water is not contaminated by the drilling water. 

l Formation samples can be obtained, from known depths. 

l When drilling with air, immediate information is available regarding the water-bearing 
properties of formations penetrated. 

l Collapsing of the hole in unconsolidated formations is not as great a problem as when 
drilling with the normal air rotary rig. 

Disadvantages include: 

0 Double-wall, reverse-circulation drill rigs are very rare and expensive to operate. 

l Placing cement grout around the outside of the well casing above a well screen often is 
difficult, especially when the screen and casing are placed down through the inner drill 
pipe before the drill pipe is pulled out. 

5.2.5 Drill-throuah Casina Driver 

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and 
cleaning out the casing using a rotary chopping bit and air or water to flush out the materials. The 
casing is driven down in stages (usually 5 feet per stage). A continuous record is kept of the blows per 
foot in driving the casing (see Procedure GH-1.5). The casing is normally advanced by a 300-pound 

- 
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hammer falling freely through a height of 30-inches. Simultaneous washing and driving of the casing 
is not recommended. If this procedure is used, the elevations between which water is used in driving 
the casing should be recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used 
for later well installation, the driven casing used should be at least four inches larger in diameter than 
the well casing to be installed. Advantages to this method of drilling include: 

l Split barrel (split-spoon) sampling can be conducted while drilling. 

l Well installation is easily accomplished. 

l Drill rigs used are relatively small and mobile. 

l The use of casing minimizes flow into the hole from upper water-bearing layers; therefore 
multiple aquifers can be penetrated and sampled for rough field determinations of some 
water quality parameters. 

Some of the disadvantages include: 

0 This method can only be used in unconsolidated formations. 

l The method is slower than other methods (average drilling progress is 30 to 50 feet per 
day). 

0 Maximum depth of the borehole varies with the size of the drill rig and casing diameter 
used, and the nature of the formations drilled. 

0 The cost per hour or per foot of drilling may be substantially higher than other drilling 
methods. 

0 It is difficult and time consuming to pull back the casing if it has been driven very deep 
(deeper than 50 feet in many formations). 

5.2.6 Cable Tool Drillinq 

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit (“tool”) suspended on a steel cable, which 
when raised and dropped chisels or pounds a hole through the soils and rock. Drilling progress may 
be expedited by the use of “slip-jars” which serve as a cable-activated down hole percusslon device to 
hammer the bit ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings 
are suspended in the water and then bailed out periodically. Below the water table, after sufficient 
ground water enters the borehole to replace the water removed by bailing, no further water need be 
added. 

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom 
of the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller 
than the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be 
driven into the hole (see Section 5.2.5 of this guideline). 

-234901 
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Advantages of the cable-tool method include the following: 

0 Information regarding water-bearing zones is readily available during the drilling. Even 
relative permeabilitl-5 and rough water quality data from different zones penetrated can 
be obtained by skillc oerators. 

l The cable-tnnl rig ca ‘rate satisfactorily in all formations, but is best suited for caving, 
boulder, c. or car Gavel type formations (e.g., glacial till) or formations with large 
cavities abo ie wat %le (such as limestones). 

l When casing is used, casing seals formation water out of the hole, preventing 
down-hole contamination and allowing sampling of deeper aquifers for field-measurable 
water quality parameters. 

0 Split barrel (split spoon) or thin-wall tube samples can be collected through the casing. 

Disadvantages include: 

l Drilling is slow compared with rotary rigs. 

l The necessity of driving the casing in unconsolidated formations requires that the casing be 
pulled back if exposure of selected water-bearing zones is desired. This process complicates 
the well completion process and often increases costs. There is also a chance that the 
casing may become stuck in the hole. 

0 The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel 
casing result in higher costs compared to rotary drilling methods where casing is not 
required, such as use of a hollow stem auger. 

a Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., 
availability may be difficult. 

5.2.7 Jet Drillinq (Washins) 

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (l/2 to 2-inch) standard pipe (steel or 
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials 
dislodged by the bit and jetting action of the water are brought to the surface through the annulus 
around the pipe. As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. 

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight. 
Normally, this method is used to place 2-inch diameter casing in shallow, unconsolidated sand 
formations but has been used to install 3-to 4-inch diameter casings to 200 feet. 

- 
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Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of 
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic 
investigation or installation of piezometers for water level measurement. Advantages of this method 
include: 

l Jetting is fast and inexpensive. 

l Because of the small amount of equipment required, jetting can be accomplished in 
locations where access by a normal drilling rig would be very difficult. For example, it 
would be possible to jet down a well point in the center of a lagoon at a fraction of the cost 
of using a drill rig. 

l letting numerous well points just into a shallow water table is an inexpensive method for 
determining the water table contours, hence flow direction. 

Disadvantages include the following: 

l A large amount of foreign water or drilling mud is introduced above and into the 
formation to be sampled. 

l Jetting is usually done in very soft formations which are subject to caving. Because of this 
caving, it is often not possible to place a grout seal above the screen to assure that water in 
the well is only from the screened interval. 

l The diameter of the casing is usually limited to 2 inches; therefore, samples must be 
obtained by methods applicable to small diameter casings. 

l Jetting is only possible in very soft formations that do not contain boulders or coarse 
gravel, and the depth limitation is shallow (about 30feet without jet percussion 
equipment). 

l Large quantities of water are often needed. 

5.2.8 Drillinq with a Hand Auaer 

This method is applicable wherever the formation, total depth of sampling, and the site and 
groundwater conditions are such as to allow hand auger drilling. Hand augering can also be 
considered at locations where drill rig access is not possible. All hand auger borings will be performed 
according to ASTM D 1452-80. 

Samples should be taken continuously unless otherwise specified by the Work Plan. Any required 
sampling is performed by rotation, pressing, or driving in accordance with the standard or approved 
method governing use of the particular sampling tool. Typical equipment used for sampling and 
advancing shallow “hand auger” holes are lwan samplers (which are rotated) or post hole diggers 
(which are operated like tongs). This technique is slow but effective where larger pieces of 
equipment do not have access and where very shallow holes are desired (less than Sfeet). Surficial 
soils must be composed of relatively soft and non-cemented formations to allow penetration by the 
auger. 
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5.2.9 Rock Drillinq and Corinq 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil 
or when rock or large boulders are encountered, drilling and sampling can be performed using a 
diamond bit corer in accordance with ASTM D2113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill 
bit is a circular, hollow, diamond studded bit attached to the outer core barrel in a double tube core 
barrel. The use of single tube core barrels is not recommended, as the rotation of the barrel erodes 
the sample and limits its use for detailed geological evaluation. Water or air is circulated down 
through the drill rods and annular space between the core barrel tubes to cool the bit and remove the 
cuttings. The bit cuts a core out of the rock which rises into an inner barrel mounted inside the outer 
barrel. The inner core barrel and rock core are removed by lowering a wire line with a coupling into 
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient 
variation to this method utilizes a core barrel that cannot be removed without pulling all of the drill 
rods. This variation is practical only if less than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the Work Plan. The most 
common core barrel diameters are listed in Attachment A. Soft or decomposed rock should be 
sampled with a driven split-barrel whenever possible or cored with a Denison or Pitcher sampler. 

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, 
amount and pressure of water, and length of run can be varied to give the maximum recovery from 
the rock being drilled. Should any rock formation be so soft or broken that the pieces continually fall 
into the hole, causing unsatisfactory coring, the hole should be reamed and a flush joint casing 
installed to a point below the broken formation. The size of the flush joint casing must permit 
securing the core size specified. When soft or broken rock is anticipated, the length of core runs 
should be reduced to less than 5 feet to avoid core loss and minimize core disturbance. 

Advantagesofcoredrilling include: 

l Undisturbed rock cores can be recovered for examination and/or testing. 

l In formations in which the cored hole will remain open without casing, water from the 
rock fractures may be recovered from the well without the installation of a well screen and 
gravel pack. 

l Formation logging is extremely accurate. 

l Drill rigs are relatively small and mobile 

Disadvantages include: 

l Water or air is needed for drilling. 

l Coring is slower than rotary drilling (and more expensive). 

- 
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l Depth to water cannot accurately be determined if water is used for drilling. 

l The size of the borehole is limited 

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells 
are to be installed into bedrock. To install larger diameter wells in coreholes, the hole must be 
reamed out to the proper size after boring, using air or mud rotary drilling methods. 

5.2.10 Drillinq & Support Vehicles. 

In addition to the drilling method required to accomplish the objectives of the field program, the 
type of vehicle carrying the drill rig and/or support equipment, and its suitability for the site terrain, 
will often be an additional deciding factor in planning the drilling program. The types of vehicles 
available are extensive, and depend upon the particular drilling subcontractor’s fleet. Most large 
drilling subcontractors will have a wide variety of vehicle and drill types suited for most drilling 
assignments in their particular region, while smaller drilling subcontractors will usually have a fleet of 
much more limited diversity. The weight size, and means of locomotion (tires, tracks, etc.) of the drill 
rig must be selected to be compatible with the site terrain, to assure adequate mobility between 
borehole locations. Such considerations also apply to necessary support vehicles used to transport 
water and/or drilling materials to the drill rigs at the borehole locations. When the drill rigs or 
support vehicles do not have adequate mobility to easily traverse the site, provisions must be made 
for assisting equipment, such as bulldozers, winches, timber planking, etc., to maintain adequate 
progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

l Totally portable drilling/sampling equipment, where all necessary components (tripods, 
samplers, hammers, catheads, etc.) may be hand-carried to the borehole site. 
Drilling/sampling methods used with such equipment include: 

- Hand augers and lightweight motorized augers 
- Retractable plug samplers-driven by hand (hammer) 
- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead 

mounted on one leg, used to install small diameter cased borings. This rig is sometimes 
called a “monkey on a stick.” 

l Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift 
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, 
or winched (using the cathead drum) between boring locations. 

l Small truck-mounted drilling equipment uses a jeep, stake body or other light .truck (4 to 
6 wheels), upon which are mounted the drill and/or a cathead, a pump, and a tripod or 
small drilling derrick. On some rigs the drill and/or a cathead are driven by a power take- 
off from the truck, instead of by a separate engine. 

l Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle 
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track 
“all terrain vehicle” is also modified for this purpose. Some types of tracked drill rigs are 
called “bombardier” or “weasel” rigs. 

0 Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to 
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided 

D?‘t901 



iubjec NumDer Page 
GH-1.4 140f 20 

SOIL AND ROCK Revwon Effectwe Date 
DRILLING METHODS 1 05/04/90 

with a separate engine or may use a power take-off from the truck engine. Large augers, 
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on 
such heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes 
mounted on and off the road vehicle having low pressure, very wide diameter tires and 
capable of floating; these vehicles are called “swamp buggy” rigs. 

l Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes, estuaries and other bodies of water. The floating equipment varies, and is often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. Typically, the range of flotation vehicles includes: 

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallc 
drums or similar flotation units. 

- Barge-mounted drill rigs. 

- Jack-up platforms - drilling equipment mounted on a floating platform having 
retractable legs to support the unit on the sea or lake bed when the platform is jacked 
up out of the water. 

- Drill ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for 
equipment to support the drilling operations. Such vehicles or floating equipment are needed to 
transport drill water, drilling supplies and equipment, samples, drilling personnel, etc. to and/or from 
various boring locations. 

5.2.11 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, 
water or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the 
holes they drill (i.e., 5-78” or 7-7/8” bits will nominally drill 6” and 8” holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are manufactured in sizes ranging from 
2-inches to 4-l/2 inches in outside diameter. However, the most commonly used size is the 2-inch 
O.D., l-3/8-inch I.D. split-barrel sampler. When this sampler is used, and driven by a 140-pound 
( 2 2 pound) hammer dropping 30-inches ( + 1 inch), the procedure is called a Standard Penetration 
Test, and the blows per foot required to advance the sampler into the formation can be correlated to 
the formation’s density or strength. 

In planning the drilling of boreholes using hollow stem augers or casing, in which thin-wall tube 
samples or diamond core drilling will be performed, refer to the various sizes and clearances provided 
in Attachment A of this guideline. Sizes selected must be stated in the Work Plan. 

- 

- 

- 

0334901 



S”oject Numoer Page 
GH-1.4 15of 20 

SOIL AND ROCK Revlslon Effective Date 
DRILLING METHODS 1 05/04/90 

5.2.12 Estimated Drillinq Proqress 

To estimate the anticipated rates of drilling progress for a site the following must be considered: 

l The speed of the drilling method employed. 

l Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling 
conditions in bouldery soils, rubble fill or broken rock, etc.). 

l Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 
5-foot intervals, for moderate depth (30’ to 50’) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following 
drilling methods: 

Drilling Method I Average Daily Progress 
(linear feet) 

I 

Hollow-stem augers I 75’ I 

Solid-stem augers I 50’ I 

Mud Rotary Drilling 100’ (cuttings samples) 

Reverse Circulation Rotary I 100’ (cuttings samples) I 
Skid Rig with driven casing I 30’ I 
Rotary with driven casing 

Cable Tool 

Hand Auger Varies 

Continuous Rock Coring r 50’ -1 

5.3 PREVENTION OF CROSS-CONTAMINATION 

A telescoping or multiple casing technique minimizes the potential for the migration of 
contaminated groundwater to lower strata below a confining layer. The telescoping technique 
consists of drilling to a confining layer utilizing a spun casing method with a diamond cutting or 
augering shoe, (a method similar to the rock coring method described in Section 5.2.9, except that 
larger casing is used) or a driven-casing method (see Section 5.2.5 of this guideline), and installing a 
specified diameter steel well casing. The operation consists of three separate steps. Initially, a drilling 
casing usually of 8-inch diameter is installed followed by installation of the well casing (6-inch 
diameter is common for 2-inch wells). This well casing is driven into the confining layer to insure a 
tight seal at the bottom of the hole. The well casing is sealed at the bottom with a bentonite-cement 
slurry. The remaining depth of the boring is drilled utilizing a narrower diameter spun or driven 
casing technique within the outer well casing. A smaller diameter well casing with an appropriate 
length of slotted screen on the lower end is installed to the surface. 
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Clean sand is placed in the annulus around and to a point about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure- 
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean 
material and grouted at the surface, or it is grouted all the way to the surface. 

I 5.4 CLEANOUT OF CASING PRIOR TO SAMPLING 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 

and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

For disturbed samples both above and below the water table and where introduction of relatively 
large volumes of wash water is permissible, the clean “‘1 operation is usually performed by washing 
the material out of the casing with water; however, tr :leaning should never be accomplished with 
a strong, downward directed jet which will disturb the .nderlying soil. When clean-out has reached 
the bottom of the casing or slightly below (as specified above), the string of tools should be lifted one 
foot off the bottom with the water still flowing, until the wash water coming out of the casing is clear 
of granular soil particles. In formations where the cuttings contain gravel and other larger particles, 
it is often useful to repeatedly raise and lower the drill rods and wash bit while washing out the hole, 
to surge these large particles upward out of the hole. As a time saver, the drilling contractor may be 
permitted to use a split barrel (split-spoon) sampler with the ball check valve removed as the clean out 
tool, provided the material below the spoon is not disturbed and the shoe of the spoon is not 
damaged. However, because the ball check valve has been removed, in some formations it may be 
necessary to install a flap valve or spring sample retainer in the split spoon bit, to prevent the sample 
from falling out as the sampler is withdrawn from the hole. The use of jet-type chopping bits is 
discouraged except where large boulders and cobbles or hard-cemented soils are encountered. If 
water markedly softens the soils above the water table, clean out should be performed dry with an 
auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at 
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutttng 
blades to carry the removed soil to the surface. In this manner there is a minimum of disturbance at 
the top of the material to be sampled. If any gravel material washes down into the casing and cannot 
be removed by the cleanout auger, a split-barrel sample can be taken to remove it. Bailers and 
sandpumps should not be used. For undisturbed samples above the groundwater table, all 
operations must be performed in a dry manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the 
borehole prior to sampling, some of the problems which may be encountered during sampling 
include: 

0 When sampling is attempted through the cuttings remaining in the borehole, all or part of 
the sampler may become filled with the cuttings. This limits the amount of sample from 
the underlying formation which can enter and be retained in the sampler, and also raises 
questions on the validity of the sample. 

0 If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, 
these may block the bit of the sampler and prevent any materials from the underlying 
formation from entering the sampler when the sampler is advanced. 
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l ln cased borings, should sampling be attempted through cuttings which remain in the 
lower portion of the casing, these cuttings could cause the sampler to become bound into 
the casing, such that it becomes very difficult to either advance or retract the sampler. 

l When sampler blow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow counts. 
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To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are 
lowered to the bottom of the hole, below some convenient reference point of the drill string; then to 
measure the height of this reference point above the ground surface. The difference of these 
measurements IS the depth of the drill string (lower end of the bit or sampler) below the ground 
surface, which must then be compared with the depth of sampling required (installed depth of casing 
or depth of borehole drilled). If the length of drill string below grade is more than the drilled or 
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be 
recorded on the log. If the length of drill string below grade is less than the drilled or casing depth, 
the difference represents the thickness of cuttings which remain in the borehole. In most cases, an 
inch or two of cuttings may be left in the borehole with little or no problem. However, if more than a 
few inches for cuttings are encountered, the borehole must be recleaned prior to attempting 
sampling. 

5.5 MATERIALS OF CONSTRUCTION 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced 1 n FT-7.01. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromlsing the 
representatlveness of soil and ground water samples. 

The use of synthettc or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long 
term monitoring wells, but the early time data in time series collection of ground water data may 
then be suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete 
written justification including methods are procedures for their use must be provided by the site 
geotogtst and approved by the site manager. The specific slurry composltion and the concentration of 
selected chemicals for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling In tight clayey formations or in loose 
gravels, when threaded couplings must be lubricated to avoid binding. In these instances, to be 
determlned In the field at the judgment of the site geologist and noted in the Site Logbook, and only 
after approval by the site manager, a vegetable 011 or silicone based lubricant should be used. 
Petroleum based greases, etc. will not be permitted. Samples of lubricants used must be provided and 
analyzed for chemical parameters appropriate to the given site. 

. “91 
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Drilling 
Conlu~ 

Hollow-Stem 
Augers 
(Ref 7) 

Thin Wall 
Tube Samplers 

(Ref 7) 

Drill Rods 
(Ref 7) 

Driven External 
Coupled Extra 
Strong Steel* 
Casing (Ref 8) 

ATTACHMENT A 

Designation or 

6 l/4 
6 3/4 
7 l/4 

13 l/4 

RW 
Ew 
AW 
BW 
NW 
Hw 
E 
A 
B 
N 

2 l/2 2.875 2.323 
3 3.5 2.9 
3 l/2 4.0 3.364 
4 4.5 3.826 
5 5.63 4.813 
6 6.625 5.761 
a 8.625 7.625 

10 10.750 9.750 
12 12.750 11.750 

xi- 

5 
5 3/4 
6 l/4 

12 

2 
2 l/2 
3 
3 l/2 
4 l/2 
5 

1 3/32 
1 3/a 
1 3/4 
2 i/a 
2 5/a 
3 l/2 
1 5/16 
i 5/a 
i 7/a 
2 3/a 

xi 

2 l/4 
2 3/4 
3 l/4 
6 

i 7/a 
2 3/a 
2 7/a 
3 3/a 
4 3/a 
4 3/4 

23/32 
15/16 

1 l/4 
1 3/4 
2 l/4 
3 l/16 

718 
1 l/a 
1 l/4 
2 

Coupling I.D. 
(b, 

13/32 
7/16 
5/a 
3/4 

i 3/a 
2 3/a 

7/16 
9/16 
5/a 

1 

Wall 
Thickness f --A :n 

0.276 
0.300 
0.318 
0.337 
0.375 
0.432 
0.500 
0.500 
0.500 

l Add tvice the casing wall thickness to casing O.D. to obtain 
the approximate O.D. of the external pipe couplings. 

0334901 
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Drilling 
Conuonent 

Flush coupled 
Casing 
(Ref 7) 

Tlush Joint - 
Casing 
(Ref 7) 

Diamond Core 
aarrels 
(Ref 7) 

ATTACHMENT A 

DRILLING EOUTPMENT SIZES 

Designation or 
Hole Size (in) 

Rx 
EX 
Ax 
ax 
Nx 
HX 

RW 
EW 
AW 
aw 
NW 
Hw 
PW 
SW 
uw 
zw 

ml4 
AWM 
am 

HWG 
2 3/4 x 3 7/a 

4 x 5 l/2 
6 X 7 3/4 

AQ (wireline) 
BQ (wireline) 
NQ (wireline) 
HQ (wireline) 

-xi 
1 7/16 
1 13/16 
2 l/4 
2 7/a 
3 l/2 
4 l/2 

1 7/16 
1 13/16 
2 l/4 
2 7/a 
3 l/2 

'4 l/2 
5 l/2 
6 5/a 
7 5/a 
a 5/a 

1 l/2 
I 7/a 
2 3/a 
3 
3 7/a 
3 7/a 
5 l/2 
7 3/4 
1 57/64 
2 23/64 
2 63/64 
3 25/32 

1.D . 

1 3/16 
1 5/a 
2 
2 9/16 
3 3/16 
4 1/a 

1 3/16 
1 l/2 
1 29/32 
2 3/a 
3 
4 
5 
6 
7 
a 

7/a l * 
1 r/a ** 
i 5/a ** 
2 i/a 
3 
2 11116 
3 15/16 
5 15/16 
1 l/16 ** 
1 7/16 ** 
1 7/8 
2 l/2 

Coupling I.D. 
fin) 

1 3/16 
1 l/2 
1 29/32 
2 3/8 
3 
3 15/16 

. 

*+ Because of the fragile nature of the core and the difficulty 
to identify rock details, use of small diameter core 
(1 3/a") is not recommended. 

- 

- 

- 

- 

- 

- 

_A 

- 

- 

- 

- 

- 

- 
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1.0 PURPOSE 

The puroose of this document IS to establish standard procedures and tecnnical gulaance on borenole 
and sample logging. 

2.0 SCOPE 

These orocedures provide descriptions of the standard techniques for borenole and sampie loggmg. 
These technrques shall be used for each bonng logged to provrde consrstent descriotions of 
subsurface ilthology. While expenence IS the oniy method to develop confidence and accuracy In the 
descnotlon of soil and rock, the field geologlsuengineer can do a good job of classification by careful, 
thougntful observation and by being consistent througnout the classificatton procedure. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Site Geoloqist - Responsible for supervising all boring actrvities and assuring that each borehole IS 

completely logged. If more than one rrg is berng used onsite the Site Geologist must make sure that 
each field geologrst IS oroperly trained in logging procedures. A brief review or trainrng session may 
be necessary pnor to the staTt up of the field program and/or upon completron of the first boring. 

5.0 PROCEDURES 

The classlficatlon of so11 and rocks IS one of the most Important lobs of the field geotoglstiengrneer. 
To marntarn a consistent flow of informatron, It IS Imperative that the iieid geologist/engineer 
JnderSTand ana accurately use the fieid classification system described in tnis SOP. Thaw taentliicarion 
8s basea on visual examination and manual tests. 

5.1 MATERIALS NEEDED 

When logging soii and rock samples, the geo)oglst or engineer may be eaulppea wltn the iollowing: 

l Rock hammer 
0 Knrfe 
0 Camera 
0 Dilute HCI 
l Ruler (marked In tenths and hunareths of feet) 
0 Fand Lens 

5.2 CLASSIFICATION OF SOILS 

All data snail be wrltten directly on the bortng iog (Exhibit 4-l) or In a field notebooK If more mace IS 
needed. Details on filling out the aorrng log are orscussed In SectIon 5.5. 

- 

- 

- 
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5.2.1 USCS Classification 

Soils are to be classrfied according to the Unified Soil Classification System (USCS). This method of 
classification is detalled in Exhibit 4-2. This method of classrfication identifies so11 types on the basis of 
grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay 
(C). Some classrfication systems define size ranges for these soil particles, but for field classification 
purposes, they are identrfied by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USCS wail aid in developing the competence and consistency necessary for the classification of soils. 

Coarse grarned soils shall be divided into rock fragments, sand, or gravel. The terms and sand and 
gravel not only refer to the srze of the soil particles but also to their depositional history. To insure 
accuracy in descnptron. the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakuo of rock. The sharp edges typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructmg the 
deposttional environment of the soils encountered. When the term “rock fragments” is used it shall 
be followed by a size desrgnatron such as (1/4inch@-l/2 inch@)” or “coarse-sand size” either 
immediately after the entry or In the remarks column. The USCS classification would not be affected 
by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a 
modifier to denote variations In shade or color mixtures. A soil could therefore be referred to as 
“gray” or “light gray” or “blue-gray.” Since color can be utilized in correlating units between 
sampling locations, It is important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or solit venrcally 
to descnbe colors. Samplers tend to smear the sample surface creating color vanatrons between the 
sample Intenor and exterior. 

The term “mottled” shall be used to indicate soils irregularly marked wnh spots of different colors. 

Mottling In SOlIS USuaily indicates poor aeration and lack of good drarnage. 

Soil Color Charts shall not be used unless specified by the orolect manager. 

5.2.3 Relative Oensitv and Consistency 

To classliy the relative density and/or consistency of a SOII, the geologist is to first ldentrfy the so11 

type. Granular SOllS contain predominantly sands and gravels. They are noncohesive (partrcles do not 
adhere well when compressed). Finer grarned SOIIS (silts and clays) are cohesive (pat-trcles WIII adhere 
together when compressed). 

The density Of noncohesrve. granular SOIIS is classified according to standard penetration resistances 
obtained from solit barrel sampling performed according to the methods detalled in Standard 
Operating Procedures GH-1 3 and SA-1.2. Those deslgnatlons are: 
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I Designatron 
I 

Standard Penetration 
Resistance (Blows per Foot) I 

I Verv loose 

1 Medium dense-- 11 to30 I 

ID ense 31 to 50 

1 Verv dense I Over 50 I 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 
2-inch outsrde diameter 12 inches Into the material using a 140 pound hammer falling freely through 
30 incnes. The sampler IS driven through an 18-inch sample interval, and the number of blows IS 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding 
the number of blows required to penetrate the last t 2 inches of each sample interval. It is important 
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in 
the tip, the resulting blow count will be erroneously high, reflecting a higher density than actually 
exists. This shall be noted on the log and referenced to the sample number. Granular solis are given 
the USCS classifications GW, GP, GM, SW, SP, SM, GC, and SC (see Exhibit 4-2). 

The consistency of cohesive solIs is determined by performing field tests and identifying the 
consistency as shown in Exhibitrl-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH, 
OL, or OH (see Exhibit 4-2). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength) or by hand by aetermlnrng the resistance to 
penetration by the thumb. The pocket penetrometer and thuma determtnatron methods are 
conaucted on a selected sample of the sari, preferably the lowest 0.5 foot of the sample in the spirt- 
barrel sampler. The sample shall be broken in half and the thumb or oenetrometer pushed into the 
end of the sample to determtne the consrstency. Do not determine consistency by attempting to 
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Conststency shall not be determined solely by blow counts. One of the 
other methods shall be used in conlunctlon with it. The designations used to descnbe the consistency 
of cohesrve soils are as follows: 

Consistency 

Verv soft 

soft 

Medium stiff 

Very stiff 

Hard 

Hard 

Unc. 
Compressive 

Str. Tons/Square 
Foot 

Less than 0.25 

0.25 to 0.50 

0.50 to 1.0 

1 .o to 2.0 

2.0 to 4.0 

More than 4.0 

Stanaard 1 I 
Penetration 
Resistance 

I 

Field ldenttficatlon Methods 

(Blows oer foot) I 

0 to 2 I Easriv penetrated several tncnes by fist I 

2 to 4 1 Easriv Denetrated several inches by thumb 1 

4 t0 a 1 Can be oenetratea several inches bv thumb 1 

8to 15 I Readily Indented by thumb I 

15to30 1 Reaallv inaented bv tnumbnali I 
Over 30 I lndentea with difficuity by tnumbnali I 

- 

- 

- 

- 

- 

- 

- 
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5.2.4 Weiqht Percentaaes 

In nature, solIs are comprrsed of particles of varying size and shape, and are combinations of the 
various grain types. The followrng terms are useful in the description of soil: 

Terms of Identifying Proportion of the Component 

trace 

some 

and or adjectrve form of the so11 type (e.g., “sandy”) 

Examples: 

Defining Range of Percentages by Weight 

0 - 10 percent 

11 - 30 percent 

3 1 - 50 percent 

l Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent 
silt. 

l Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

l Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Motsture content is estimated In the field according to four categorres: dry, moist, wet, and 
saturated. In dry soil, there appears to be ilttte or no water. Saturated samples obviously nave ail the 
water rhey can hold. Moist ana wet classrficatrons are somewhat subjecttve and of-ten are determined 
by the Individual’s judgment. A suggested parameter for this would be calling a soil wet if roiling it in 
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever 
method IS adopted for describing motsture, It is important that the method used by an individual 
remains consistent throughout an entire drilling lob. 

Laboratory tests for water content shall be performed if the natural water content IS Important. 

5.2.6 Stratification 

Stratification can only be determrned after the sample barrel is opened. The stratrficatlon or bedding 
thrckness for so11 and rock IS depending on grain size and composnlon. The classlficatlon to be usea 
for stratlficatlon descnptlon IS shown In Exhibit 4-4 

5.2.7 TexturelFabricBeddinq 

The texture/fabric/bedding of the so11 shall be described. Texture IS described as the relative 
anguiarlty Of the Pafllcles: rounded, subrounded, subangular, and angular. Fabric shall be notea as 
to wnether the PartKleS are flat or bulky and whether there IS a particular relation oetween particles 
(i.e., ai{ the flat DarWes are oarallei or there IS some cementatron). The bedding or structure snail 
also pe noted (e.g., stratified, lensea, nonstratlfied. heterogeneous varved). 
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5.2.8 Summarv of Soil Classification 

In summary, sotls shall be classified in a simtlar .“*anner by each geoiogist/engmeer at a project We. 
The hierarchy of classification is as follows: 

l Density and/or consistency 
. Color 
0 Plasticity (Optional) 
0 Soil types 
l Moisture content 
0 Stratification 
l Texture, fabric, bedding 
l Other distinguishing features 

5.3 ClASSlFlCATlON OF ROCKS 

Rocks are grouped into three mam divisions, including sedimentary, igneous and metamorphic rocks. 
Sedimentary rocks are by far the predomrnant type exposed at the earth’s surface. The following 
basic names are applied to the types of rocks found in sedimentary sequences: 

l Sandstone - Made up predominantly of granular materials ranging between l/16 to 2 mm 
in diameter. 

l Siltstone - Made up of granular materials less than 1116 to l/256 mm in diameter. ractures 

irregularly. Medium thick to thick bedded. 

0 Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures 

irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface Of 
drilled cores. 

0 Shale - A fissile very fine gralned rock. Fractures along bedding planes. 

l Limestone - Rock made up predominantly of calcite (CaC03). Effervesces strongly upon the 
appllcatron of dilute hydrochlonc acid. 

l Coal - Rock consisting mainly of organic remains. 

l Others - Numerous other sedimentary rock types are present in lesser amounts in the 
strattgraphic record. The local abundance of any of these rock types is dependent upon the 
deposltional history of the area. These Include conglomerate, halite, gypsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary rock the followlng hierarchy shall be noted: 

l Rock type 
0 Color 
l Bedding thickness 
0 Hardness 
l Fracturing 
0 Weatherrng 
l Other characterlstlcs 
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5.3.1 Rock Type 

As descnoed above, there are numerous names of sedimentary rocks. In most cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The moaifier Indicates that a significant poruon of the rock type IS composed of the 
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size IS the basis for the classificatton of elastic sedimentary rocks. Exhibit4-5 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly aifferent than the USC5 subdivision for soil classlficatron. For field determination of grain 
sizes, a scale can be used for the coarse gralned rocks. For example, the division between siitstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlens, 
the rocK IS a siltstone. If the grains are not distingulshable with a handlens, the rock is a claystone. 

I 5.3.2 Q&r 

The color of a rock can be determlned in a similar manner as for so11 samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock Color Charts shall not be used unless specified by the project manager. 

5.3.3 Beddins Thickness 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 

5.3.4 Hardness 

The naraness of a rock IS a function of the comoactlon, cementation, ana mlneraioglcai comoosltion 
of the TOCK. A relative scale for sedtmentary rock hardness IS as foilows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term IS 
always used for the hardness of the saprolite (decomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medrum soft - Slight erosion of core, slightly gouged by screwdnver, or breaks with 
crumoly edges from single hammer blow. 

0 Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
from stngle hammer blow. 

0 riard - ?eoulres several hammer blows to break and has sharp conchordal breaks. Cannot 
be scratched with screwdnver. 

Note tne difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered 
a slight aepresslon In the rock (do not mistake the scraping off of rock flour from dnlling with a 
scratcn II-I the rocK Itself), while a gouge IS much deeper. 

I- 
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5.35 Fracturinq 

The aegree of fracturing or brokeness of a rock is described by measuring the fractures or Joint 
spacing. After e!lminating drilling breaKs, the average spacing IS calculated and the fracturing IS 

descrraed by the ioilowtng terms: 

0 Very broken (V. BR.) - Less than 2 in. spacrng between fractures 
l Broken (BR.) - 2 in. to 1 ft. spacing between fractures 
l Blocky (EL.) - 1 to 3 ft. spacing between fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

The structurai integrity of the rock can be approximated by calculating the Rock Quality Oesignatlon 
(RQD) of cores recovered. The RQD is determlned by aading the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQO 
(After Deere. 1964) 

RQD?/0 = r/lx 100 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include siickensrdes, 
joints, compactlon slicks, bedding plane oanlngs (not caused by drilling), friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weatherinq 

‘he aegree of weathehng IS a significant parameter that IS Important in determInIng weathering 
brofiles ana is also useful In engineering aesigns. The following terms can be aopilea to olstlngulsn 
:ne aegree of weathering: 

0 Fresn - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright aopearance. 

l Slight - Rock has some staining which may penetrate several centimeters tnfo tne rock. Clay 
filling of joints may occur. Feldspar grains may snow some alteration. 

l Moderate - Most of the rock, with exceotron of Quartz grains, IS stained. Rock IS weakenea 
due to weathering and can oe easily broKen with hammer. 

l Severe - All rock including quartz grains IS starned. Some of the rocK IS weatnered t0 the 
extent of becoming a soil. Rock IS very weal<. 

5.3.7 Other Characteristics 

‘he iollowlng tfems Shall be Included in the rocK description: 

0 Descriotion of contact between two rock units. These can oe snarp or gradational. 
0 Stratiiicatlon (parallel, cross stratiiiea) 

l 3escriotion of any filled cavities or vugs. 
0 Cementation (calcoreous, sI/iceous, hematltlc) 
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0 3escnptron of any joints or ooen fractures. 
l Observation of the presence of fossris. 
0 ‘Jotatlon of joints with depth, approximate angle to horrzontal, any mlnerai filling or 

coating, and degree of wearnenng. 

All information shown on the boring logs snail be neat to the pornt where of can be reproduced on a 
CODY machlne for report presentation. The data shall be kept current to provide COntrOi of the 

drliiing program and to Indicate various areas requiring speciai consideration and samoiing. 

5.3.8 Additional Terms Used in the Description of Rock 

The followrng terms are used to further identify rocks: 

0 Seam - Thin (12 incn or iess), probably contrnuous layer. 

l Some - Indicates signlficam (15 to 40 percent) amounts of the accessory material. For 
example, rock composea of seams of sanastone (70 percent) ana shaie (30 percent) wouid 
be “sandstone -- some shale seams.” 

0 Few - Indicates insignificant (0 to 15 percenr) amounts of the accessory matenal. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone -- few shale seams.” 

0 lnterbedded - Used to indicate thtn or very thin alternating seams of material occurnng In 
approximately equal amounts. For exampie, rock composed of thin aiternatlng seams of 
sandstone (50 percent) and shale (50 percent) would be “interbedded sandstone and 
shale. ” 

l ‘nterlayered - Used to Indicate thtck alternating seams of matertai occurrlng In 
approximately equal amounts. 

The orecearng sections descrtbe the classlficatlon of sedimentary rocKs. T5e ioilowlng are some oaslc 
lames that are applied to igneous rocks: 

0 Sasait - A fine-qrained extrusive rock composed pnmanly of caictc ~laglociase and 
pyroxene. 

0 qhyolite - A fine-qralnea volcanic rock contalnlng abundant auanz and ortnoclase. The 
line-qrarned equivalent of a granite. 

l Granite -A coarse-qrained piutontc rock conslstlng essentlaiiy of alkali feldspar and auartz. 

0 3ionte - A coarse-qralnea olutonlc rock conslstlng essentrally of soalc olaqlociase and 
hornblenae. 

l Gabbro - A coarse-qrained plutonlc rock conststlng of calclc piagloclase and cllnooyroxene. 
LOOSeiY used for any coarse qrained dark Igneous rock. 

1334901 
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The foliowlng are some basic names that are appllea to metamorphic rocks: 

0 Slate - A very fine-qralned foliated rock possessing a well deveioped slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and sencite. 

l Phyilite - A fine-qrained foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

0 Schist - A medium to coarse-grained foliated rock with subparailei arrangement of the 
mtcaceous mrnerais which dominate its composltion. 

a Gnelss - A coarse-qralned foliated rock with bands rrch in granular and piaty minerals. 

l Quartzlte - A fine to coarse-gralned nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement. 

5.4 ABBREVIATIONS 

I be kept at a Abbreviations may be used in the descrlptlon of a rock or sod. However, they snai 
minimum. FoliowIng are some of the abbreviations that may be used: 

IC - Coarse 1 Lt - Light IYI - Yellow I 

Med - Medium BR - Broken Or - Orange 

F - Fine EL - Blockv 5s - Sandstone 

IV - Verv IN1 - Massrve ISh - Shale I 
I 51 - Sliaht br - Brown lYS - Limestone I 

I occ - Occasionai I BI - Black I Far - Fine arainea I 

I Tr - Trace I I 

5.5 BORING LOGS AND DOCUMENTATION 

This section aescnbes in more detail the procedures to be used in completing boring logs in the field. 
Information ootalned from the preceedrng sectlons shall be used to complete the logs. A sample 
boring log nas been provided as Exhibit 4-6. The field geologist/engineer shall use this example as a 
guide in completing each borings log. Each boring log shall be fully described by the 
geologist/engineer as the bonna IS belna drtiled. Every sneet contains saace for 25 feet of log. 
lnformatlon regarding classification detalis IS provtded on the back of the bonng log, ior field use. 

5.5.1 Soil Classification 

0 Identify site name, boring number, lob number, etc. Elevatrons and water level data to oe 
entered when surveyed data IS available. 

0 Enter sample number (from SPT) under aoproorlate column. Enter depth samoie was taken 
from (1 block = 1 foot). Fractional footages, I.e., change of lithology a 13.7 feet, shall be 
llneo off at the proportlonai locatron between the 13 and 14 foot marks. Enter DIOW 

counts (Standard Penerratlon Resistance) dlaqonally (as shown). Stanaara oenetraflon 
resistance IS covered in Sectron 5.2.3. 

- 
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DetermIne sample recovery/sample length as shown. Measure the total length of sample 

recovered from the spiit spoon sampler, Including matenai in the drive shoe. Do not 
include cuttings or wash materral that may be in the upper portton of the samole tube. 

Indicate any change in lithology by drawing a line at the approprrate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This informatron is helpful in the constructron of 
cross-sections. As an alternative, symbols may be used to identrfy each change in lithology. 

The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
Information under the appropriate column. Refer to Section 5.2.3. 

inter color of the material in the appropriate coiumn 

Describe material usrng the USCS. Limit this coiumn for sample descnptron only. The 
predomrnate matenal is described last. If the prrmary soil is siit but has fines (clay) - use 
clayey silt. Limit so11 descriptors to the following: 

Trace 0 - 10 percent 
Some 11 - 30 percent 
And 3 1 - 50 percent 

Also Indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organtc material, etc. 

Enter USCS symbol - use chart on back of boring log as a guide. If the solis fall into one of 
two oasic groups, a borderline symbol may be used with the two symbols separated by a 
slash. For example MUCL or SM/SP. 

The followrng InformatIon shall be entered under the Remarks Column and shall Include, 
but IS not limited by the following: 

Moisture - estrmate motsture content using the following terms - dry, moist, wet 
and saturated. These terms are determined by the individual. Whatever method 
is used to determine morsture, be consistent throughout the log. 

Angularity - descnbe angularity of coarse grained particles using Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM D2488 or Earth Manual for 
cnterra for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

Reactlon with HCI - none, weak or strong. 

3334901 
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0 Additional comments: 

Indicate oresence of mica. caving of hole, when water was encountered, difficulty 
in drilling, loss or gain of water. 

Indicate odor and HNu or OVA reaaing if applicable. 

Indicate any change in lithology by drawing in line througn the lithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

Vertical lines shall be arawn (as shown In Exhibit 4.6) in columns 5 to 8 from the 
bottom of eacn samole to the top of the next samole to indicate consistency of 
matenal from sample to sample, if the material is consistent. Honzontal lines shall 
be drawn If there IS a change In lithology, then vertrcal lines drawn to that point. 

Indicate screened interval of well, as needed, in the lithology column. Show top 
and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classification 

0 

0 

0 

0 

l 

l 

Indicate deoth at which coring began by drawing a line at the appropriate deeth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet. Indicate RQD, core run number, RQD percent ana core recovery under 
the aopropnate columns. 

Indicate ilthology cnange by orawlng a ilne at the aoproonate aeoth as explained In 
Sectron 5.5.1. 

Rock hardness IS entered under designated column using terms as aescnaed on the back Of 

the log or as explained earlier In this section. 

Enter color as determlned while the core sample IS wet; If the samole is cored by air, the 
core snail be scraped clean prior to descrloing color. 

Enter rock type based on seoimentary, Igneous or metamorphic. For sedimentary rocks use 
terms as described In Section 5.3. Again, be consistent In classlficatlon. Use modifiers and 
additional terms as needed. ‘or Igneous and metamorphic rock types use terms as 
descnoed in Sections 5.3.8. 

Enter brokeness of rock or degree of fracturing under the approorlate Column USIW 

symbois VBR, BR, EL, or M as explarned In Sectron 5.3.5 and as noted on tne oack Of the 
Bortng Log. 

-l?lAwbl 
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a The following informatlon snail be entered under the remarks column. Items shall include 
but are not limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 70” angle from horizontal, high angle. 
Indicate calcareous zones, description of any cavities or vugs. 
Indicate any loss or gain of drill water. 
Indicate drop of drill tools or change in color of drill water. 

0 Remarks at the bottom of Boring Log shall include: 

Type and size of core obtained. 
Depth casmg was set. 
Type of Rig used. 

l As a final check the boring log shall inciude the followrng: 

Vertical lines shall be drawn as explained for so11 classification to indicate 
consistency of bedrock material. 

If applicable, indicate screened interval in the lithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.3 Classification of Soil and Rock from Drill Cuttinas 

The previous sections describe procedures for classifying soil and rock sambles when cores are 
obtained. However, some drrlling methods (air/mud rotary) may require classification and borehole 
logging based on Identifying drrll cuttings removed from the borehole. Such cuttings provide only 
general InformatIon on subsurface Ilthology. Some procedures that shail be iollowea wnen logging 
cuttings are: 

l Obtarn cutting samples at aoproxlmately 5 foot Intervais, sieve tne cuttings (if mud rotary 
drilling) to obtain a cleaner sample, place the sample Into a small sample bottle or “zip 
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cuttings snalf be closely examined to determrne general lithology. 

0 Note any change in color of drilling fluid or cuttings, to estimate changes In Ilthology. 

0 Note drop or chatterrng of drilling tools or a change In the rate of drilling, to determine 
fracture locations or lithologlc changes. 

l Observe iOSS or gain of dnlling fluids or air (if air rotary methoas are used), to Identify 
potential fracture zones. 

l Record this and any other useful informatlon onto the borrng log as orovlded rn 
Exhibit 4-1 

This logging provides a general description of subsurface lithology and adequate InformatIon can be 
obtalnea througn Careful observatron of the drilling process. It IS recommenoeq that soiit barrel ana 
rock COW Sampling methods be used at selected borrng locatIons ounng the field Investrgatlon to 

3334901 
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provrde aetarled informatlon to supplement the less detailed data generated througn borings drilled 
using arrlmud rotary methods. 

5.6 REVIEW 

Upon completion of the borrngs logs, copies shall be made and revrewed. Items to be reviewed 
include: 

l Checking for consistency of all logs 
l Checking for conformance to the guideline 
0 Checking to see that all information IS entered in their respective columns and spaces 

6.0 REFERENCES 

Unified Soil Classlficatlon System (USCS) 

ASTM D2488, 1985 

Earth Manual, U.S. Department of the Interior, 1974 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 

-- 

- 

- 

- 

- 

- 

- 
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1 BORING LOG NUS CORPORATION 1 

PROJECT. ...... ... ................. ... ......... 30RINC X0 ........... _.____ _ 

PROJECT ho . ........................ . 3ATE: ‘)RIL:ER:. ................ 

ELEJATION: ....... ..................... FIELD GEOLOGtST: ...... . ............. ,__ ........................... 
WATER LEVEL DATA .... ......... .. 

(Date. Tlmc 8 Condwmi 

....................... ................................. 

...................... ........................... ........... .......... 

t 
I 1 
I I ! ! 1 

Uumoer ?age 

GH-1 .S 1 S of 26 

Revwon Effecttve Date 
2 05/04/90 

I 

I I 

:EMA4<S 

30RING 
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SOIL TERMS - 

I 
UNM IED SOIL CLASSlfiCATlON (USCS) 

COARSE GRAINED SOILS I FINE GRAINED SOILS 

IYPICAL NAMES 

GC .- 
SW .-_ 
L 

SP 

SM 
-__ 

SC 

CONSISTENCY OF COHESIVE SOILS 

I ROCK BROKENNESS I 
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Conststency 

1 Very soft 

I soft 

I Mealum stiff 

I Stiff 

1 Very stiff 

I Hara 

EXHIBIT 4-3 

CONSISTENCY FOR COHESIVE SOILS 

(Blows 
uer Foot) 

oto 2 

2to4 

5 to 8 

8to 15 

15to30 

Over30 

U nconiined 
Comoreswe 

Strength 
(tons/square 

foot by pocket 
penetration 

Less tnan 0.25 

0.25t00.50 

Field ldenttficatton 

Easiiy penetrated several inches by fist 

Easriy penetrated several inches by thumb 

2.0 to 4.0 1-- Reaatly indented by thumonali 

More than 4.0 1 Indented by thumonall 1 

3334901 
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EXHIBIT 4-4 

BEDDING THICKNESS CLASSIFICATION 

Thickness (Approximate 
English Equrvalent) 

Classificatton 

(Weir, 1973 and Ingram, 1954) 

- 

- 

- 

- 

-- 

- 

- 
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EXHIBIT 4-5 

GRAIN SIZE CIASSIFIC4TlON FOR ROCKS 

Particle Name Grain Size Diameter 
I 

I-- Cobbles ~~ --I- >64mm I 

I Pebbles I 4-64 mm I 

I Granules I 2-4 mm I 
I ~ Very Coarse Sand I 1-2 mm I 

I Coarse Sand I 0.5-l mm I 
I Medium Sana I ~~ 0.25-0.5 mm I 

I Fine Sand I 0.125-0.25 mm I 
Very Fine Sand I 0.0625-O. 125 mm I 

I Silt I 0.0039-0.0625 mm I 

After Wentworth, 1922 

3334901 
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1 SORlNG LOG 
1 NUS CORPORATlON j 
, 

PROJECT HE0ElsA SITE BORING NO MW 34r 

DROlECT VO bl9Y . DATE: 9-21-81 ZRIILER. a. Go-UUL 
XEVATION 5lO.07 F’ELD GEOCOGST: 5J CorJl-\ 
WATER iEVE? Z)A:A WL zb.35 -TWC Ia-4G-81 

(Date. T~cc 6 ConP~:,orrl 

t i iii 
I I 
I I I 1 

- 

- 

- 

- 
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I I 

9-22 

BORiNG LOG NUS CORPORATION- 

PROJECT. HESEUCA SLTE aORlNG NO. Mb’U 3A 
PROJECTYO.. $\9y DATE. q-22- $7 DRILLER: 8. GOUti* 
ELEVATION. FeELO GEOLOGIST. Q.cOMTl 
WATER LEVEL 9ATA 
(Date. iIrrC 8 COROlt~On3l 

SEMARKS 

I 
I I i I I 
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BORlNG LOG NUS CORPORATION I 

?ROIECT. HEBELKA C,\TtE 30RING NO. t-fW 3A 
‘ROJECT NO.. &I5 y OATE: 992-87 DRILLER. a. Goucrue 
ELEVATiON. FIELD GEOLOGIST. SJ. bkJT \ 
WATER LEVEL DATA 

- 

- 

- 

- 
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I I . 

EXHIBIT 4-6 

1 BORlNG LOG 
. 

NUS CORPORAUON j 
I 4 

. 

P40;ECT IJEzaClNf. 51TE 30RING NO IA’N Cl3 

?QOlECT !dO -13 Y 5ATE. --y- g1 GRILLER: a YJX:~.;D~J 

ELEVATION: lLtb2.37 F’ZLD GEOLOGIST. 5J C0U-r~ ?EJau - MILL 
WATER LEVE’ . OATA r;.sc( 1 7 9’ 50 AL4 l-23-8? T- PVC PCVE4-2 F-D-II 
(Date. 71ne dr Cond~honc~ 

MATERIAL 3” 

CIASSIFICATION 
lJ,t, *EMARKS ; 4u,j, 

L 
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j LfORlNG LOG ‘JIJS CORPORATION j 

JQOIECT. .dES-rLl I.hE 5:-E ?ORING ‘i0 f ‘ >)%I3 
‘QOJECT NO 473Y 2ATE 7 -7- 8-I ;RIC?E3. ” EP~‘,S?N 
:LE’/ATION. -:ELD GiOCOGIST. 5; tout-\ 
NATER LWEL DATA 

iDate. ilrrc &COnDltlOnSl 

‘.lATERIAL ?EMARKS 
_1- TUL. 

aao NO 1 I ! 
,~~” . ..w.. CUSSIFICATION 

u,u,-l 

I i c-; I 

- 

- 

- 

- 

- 

- 

- 
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BORING LOG NUS CORPORATION 

VOIECT. NLs.-TLINL SLTE_ 30RING NO f.‘,‘d 0!3 
‘ROIECT \lO.. 3QlLLE,Q: “. &.~‘.‘571 \ 

FIELD GEOLOGiST 

MATERIAL 
CLASSIFICATION 
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BOR/NG LOG NUS CORPORATION 

I , 
JRO;ECT. IN ESTLI N E 5 :-fE. 30RING NO LJ-(?uO[‘, 
JROIECT NO.. J3-l Y . DATE: T-13-07 / ‘-14.37 ‘JRILLE~: E. Ei=iCscbl 
ELEVATION: YIELD GEOLOGIST. 51. catiT\ 
WATER LEVEL DATA 
(Date. r~rnc i Conacctons) 

MATERIAL 
CLASSIFICATION 

- 

- 

- 

- 

- 

- 
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1.0 PURPOSE 

This oroceaure aescnoes methods for proper monitorrng well design, Installation. and devetooment. 

2.0 SCOPE 

This proceaure IS applicable to the constructlon of permanent monltortng weils at hazaraous waste 
sites. The methoqs described hereln may be modified by prolect-soecrfic requirements for monltonng 
weil constructlon. In addition, many regulatory agenctes have specrfic regulations oenalning to 
monrtorrng well construction and permntlng. These requrrements must be ascertained during the 
develooment of the mvestlgation and any reoulred permits which may have to be ODtained before 
field worK beglns. lnnovatlve monltonng well installation tecnnlques, wnlch typlcaliy are not used, 
wail be discussea only generally in this proceaure. 

3.0 GLOSSARY 

Monrtorrna vVell - A well which is properly screened (if screening IS necessary), casea. and sealed 
which IS capable of orovlding a grounawater levei and groundwater sampie reoresentative of the 
zone betng monltored. 

Piezometer - A Pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers 
may range in size from l/2-inch diameter plastic tubes to well points or monitoring wells. 

Potentlometrrc Surface - The surface to which water In an aquifer would rise by hydrostatic pressure 

Well Point iDrive Point)- A screened or perforateo tube (TypIcally l- l/4 or 2 Inches In alameter) w~tn a 
soiid. conical. haraenea ooint at one end, wnlch IS attached to a riser aloe ana driven Into tne grouna 
Nitn a sieage hammer. Croo weight, Or mecnanlcal vibrator. ‘Nell oo1nls may oe used for 
grounawater injection ana recovery, as olezometers (i.e., to measure water levels) or to orovlae 
grounawater samoles for water quality data. 

4‘0 RESPONSIBILITIES 

Driller - The ariller oroviaes aaequate ana operaole eouipment. sufficient auantrtles of materials, and 
an exoeriencea and efficient labor force to perform ail phases of orooer monltorlng well Inrtallatton 
and constructlon. He may also be resoonslble for ootalnlng, In advance, any reaulrea oermlts iOr 
monltonng well installation and construction. 

9iq Geoloalrt - ‘he rrg geologist supervises well installation and constructlon DY the Driller. 
documents all ohases of well installation and constructlon, ana Insures that well construction 1s 
adequate to orovlae reoresentative ground water qata from tne monltoreo Interval. Geotecnnlcal 
engineers. iieid tecnniclans. or other suitable trained oersonnel may also serve In tnls caoacnv. 

- 

- 

- 

- 

- 

- 
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5.0 PROCEDURES 

5.1 EQUIPMENT/ITEMS NEEDED 

3elow IS a list of items that may be needed while installing a monitonng well. 

l Health ana safety eaulpment as required by the site safety officer. 

l Well drilling ana installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeoioglc equipment (welgnted engineers taoe, water level indicator, retractable 
engineers rule electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, Samble jars, well 
installation forms, ana a field notebook). 

0 Drive ooint installations tools (Sledge Hammer, drop hammer, or mecnanical vibrator; 
trtpod, pipe wrencnes, anve points. riser olpe, and ena caos). 

5.2 WELL DESIGN 

The oojectlves for each monrtonng well and its intended use must be clearly defined before the 
monitortng system IS deslgnea. Within the monltorlng system, different monitoring weils may serve 
different purposes and, therefore, require different types of construction. During all chases of the 
well design, attention must be given to clearly documenting the basis for design declslons. the details 
of weil construction, and the materials to be used. The objectives for Installing the monitoring weils 
nay Include: 

a Determrnlng grounawater flow a[rectlons and velocities. 
l Samoring or monitoring for trace contaminants. 
l DeterminIng aaulier cnaracterlstlcs (e.g., hydrauiic conauctlvlty) 

Siting of monitoring wells shall be berformed after a prellmlnary estimation of the groundwater flow 
direction. ;n most cases, these can be determinea through the review of geologic data ano the site 
Terrain. In addition. proauction wells or other monrtorlng weils in the area may be used to aetermlne 
the groundwater flow alrectlon. If these methods cannot be used. olezometers, wnich are relatively 
nexpensive to install, may nave to be Installed In a preilmlnary pnase to aetermlne grounawater 
flow airection. 

5.2.1 Well Death, Diameter, and Monitored lntervai 

The well deoth, diameter. and monitored Internal must be tailored to the soeclfic monltorlng neeos 
of eacn Investigation. SDeciiication of these Items generallv aeoenas on the ouroose of the 
nonltoring system and the cnaractenstlcs of the hydrogeologlc system toeing monitorea. ‘Nells oi 
different ceotn, a:ameter. and monltoreq Interval can be emoloyeo In the same grounawarer 
nonltonng system. ‘or Instance. varying the monitored Interval In several wells, at the same IOCatlOn 
(cluster welis) can neio to aetermine the venrcal gradlent and the levels at wnich contaminants are 
oresent. Conversiy, a iuily penetrating well IS usually not useo to quantify or vertically locate a 
COntamlnatlOn Dlume, Since grounawater samoies collected In wells tnat are screeneo over the full 
‘hlckness of the water beanng zone WI/I be rebresentatlve of averaoe conolttons across tne entire 
monlforea interval. Mowever, iuily penetrating wells can oe usea to estaolisn the existence 0’ 

3334901 
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contamlnatlon In water oearlng zone. The weil diameter would deoend uoon the hydraulic 
charactenstics of the water beanng zone. Sampling reaurrements, dnlling method and cost. 

The aeclsion concerning the monnorea intervai and well depth IS based on the followrng 
informanon: 

l The venical locatron of the contaminant source In relation to the water bearing zone. 

l The death, thickness and unrformny of the water bearing zone. 

l The antrcioated death, thickness, and charactenstics (e.g., density relative to water) of the 
contaminant plume. 

0 fluctuation in groundwater levels (due to pumptng, tidal influences, or natural 
recharge/discharge events). 

0 The presence and location of contaminants encountered during drilling. 

0 Whether the purpose of the tnstallation IS for determlning exrstence or non-exrstence of 
contamrnation or of a partrcular stratrgraphrc zone IS being investigated. 

0 The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the 
well and the site conditions, monitored intervals are 20 feet or less. Shorter screen I engths 
(1 to 2 feet) are usually reauirea where flow lines are not horizontal, (ie., if the wells are to be used 
for accurate measurement of the potentlometnc head at a specific pornt). 

Many factors infiuence the alameter of a monitoring well. The diameter of the monitoring well 
aeoenas on the aopllcatlon. In aetermlnlng well diameter, the following neeas must be consldereo: 

l Adequate water volume for samptrng. 
l Drilling methoaology. 
0 Type of sampling aevlce to be used. 
. costs 

Stanaara monitoring well diameters are 2, 4, 6, or 8 inches. However, dnve ooints are typically 
l-1/4or 2 inches In diameter. For monnonng programs which require screened monitoring well% 
erther a 2-incn or 4-Inch dtameter well is preferred. Typically, well diameters greater than 4 Inches are 
used In monitoring programs In which open hole monrtonng wells are required. In the smaller 
diameter wells, the volume of stagnant water In the weli is minimized, and well constructton Costs are 
reducea. however, the type of rampllng devices that can be used are limited. In specifying Well 
diameter, samoling reauirements must be conslaered. up to a total of 4galions of water may be 
reaulrea for a single samote to account for full organic and inorganic analyses, ana solit samples. The 
water In the monitoring well available for sampling IS depenaent on the weti diameter as follOwS: 
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Casing Inside 
Standing Water Oeptn to Total Depth of Stanaing 

Diameter, Inch 
Obtain 1 Gal Water Water for 4 Gal. 

(feet) (feet) 
! 1 I 

2 I 6.13 25 

4 1.53 6 
a 

6 0.68 3 

L 

However, If a specific well recharges quickly after purging, then well diameter may not be an 
imponant factor regarding sample volume requirements. 

Pumolng tests for determintng aquifer characteristics may reauire larger diameter weils; however, In 
small alameter weils.in-situ permeability tests can oe performea during drilling or after we/l 
installation IS completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additionai speclficatron of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monrtormg well 
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate 
strength. The required thickness is also dependent on the method of installation;-risers for drove 
pornts require greater strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of 
suosuriace materiais in whim the well penetrates, the type of contamtnation expected, and natural 
water auallty and deoth. Cost ana the level of accuracy reaulrea are aiso Imoorrant. The materials 
generally available are Teflon, stainless steel, PVC, galvanized steel, and caroon steel. Eacn has 
advantages ana limitations (see Attachment A of this gurdeline for an extensive dIscussIon on this 
toDICJ. The two most commonly used materials are PVC and stainless steel for wells in which screens 
are Installed and are compared in Attachment B. Stainless steel IS preferred where trace metals or 
organtc sampling IS required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively ineR and provide the least opportunny for water contamination due to well matertals. 
PVC has many advantages, Including low cost, excellent availability, light weight, and ease of 
manloulation; however, there are also some questrons about organic chemical sorption and leaching 
that are currently being researched (see Barcelona et al., 1983). Concern about the use of PVC can be 
mmimlzea if PVC wells are used strictly for geohydrologlc measurements and not for cnemtcal 
samoling. The crushing strength of PVC may limit the depth of installation. but schedule 80 materials 
normally used for weils greater than 50 feet deep may overcome some of the proalems associated 
with death. However, the smaller Inside diameter of Scheoule80 pipe may be an lmoortant factor 
wnen considering the size of bailers or pumps to be used for sampilng or testing. 3ue to this 

proolem, the mlnlmum well olpe size recommended for scnedule 80 wells is 4 rnch I D. 

Screens and nsers may have to be decontaminated before use because oil-based preservatives and 011 
usea aunng threaa cutting and screen manuiactunng may contaminate samples. ?Jetal pipe, may 
corroae ana release metal Ions or chemically react with organic constituents, but this is considered by 
some to be less of a DroDlem than the problem assoctatea with PVC matenai. Galvanized steel IS not 
recommenaed for metal analyses, as zinc and caamrum levels In grounawater samples may oe 
elevated from the zinc coating. 
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Threaaea. flush-joint casrng IS most often preierrea for monnonng well appricatrons. PVC, Teflon, 
ana steel can ail be ootalnea wlrh threaaea lolnts at slightly more costs. Weldea-joint steel casing IS 
also acceotable. Glued PVC may release organtc contamrnatlon tnto the well and therefore should 
not be used If the well IS to be sampted for organic contaminants. 

When the water bearing zone is in consolldatea bedrock, such as limestone or fracturea granite, a 
well screen is often not necessary (the well is simpiy an open hole rn bearocrc). Unconsolidated 
matertais, such as sands, clay, and silts reaulre a screen. A screen slot size of 0.010 or 0.020 incn IS 
generally used when a screen IS necessary ana the screened interval is artificially packed with a fine 
sand. The slot size controls the quanttty of water entering the well and prevents entry of natural 
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or in-situ 
aqulier matenai. The rig geotoglst shall specify the combrnatlon of screen slot size ana sand pack 
which wail be compatible with the water bearing zone, to maximize grounawater Inflow and 
mlnlmlze nead losses ana movement of fines Into the wells. (For examole, as a stanaara orocedure. a 
Vlone No. 1 or Ottowa sand may be usea with a O.OlO-incn slot screen, nowever, wrth a 0.020~incn slot 
screen, the filter pack matenai must be the material retalnea on a No. 20 to No. 30 U.S. stanaara 
sieve.) 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen Include a sand 
pack when necessary, a bentonite seal, and cement-bentonlte grout. The sand pack is usuaily a fine 
to meaium grarneti well graaed, silica sand. The quantity of sand placed in the annular space IS 
depenaent uoon the length of the screened interval but should always extend at least t foot above 
the too of the screen. At least one to three feet of bentonlte pellets or eaulvalent Shall be placed 
above the sand pack. The cement-bentonne grout or equivalent extenas from the too of the 
bentonlte pellets to the ground surface. 

On occasron. and with the concurrence of the Involvea regulatory agenctes. monltonng wells may oe 
packea naturally, i.e., no artificial sana oacK wiil be Installea, ana the natural iormarlon material will 

be allowed to collapse arouna the well screen after the well is Installed. -his metnoa has oeen 
utliizea where tne formatlon matenal Itself is a relatively unliorm grain size, or wnen artificial sana 
packing IS not possible due to borenole collapse. 

3entonlte exoands by aosorolng water and orovldes a seal between the screenea Interval and tne 
ovenylng pot-uon of the annular space ana formatlon. Cement-pentonlte grout IS oiacea on too of 
the pentonite pellets to the surface. The grout effectively seals the well ana eliminates tne posslblllty 
for surface InfibXlOn reacning the screenea intervai. Grouting also replaces matenai removea 
during artlling and Prevents hole collapse and subsidence arouna the well. A tremle rape should be 
ilSeC! to Introduce grout from the bottom of the hole upward, to orevent brlagtng ana to provlae a 
better sear. however. in boreholes that don’t collapse, It may be more practical KO Dour tne grout 
from the surface without a tremle pipe. 

Grout IS a general term whlcn nas several olfferent connotatlons. For all oractlcai ourooses wlthln the 
monitoring well installation Industry, grout refers to the Solidified matenai wnlcn IS lnstallea ana 
OccuDtes the annular mace aoove the benfonite oellet seal. Grout, most of the time, !s maae UD OT 
Iwo asSemdageS of materiai, i.e., a cement-bentonlte grout. A cement bentonite grout normally 1s a 
rnlxture of cement, bentonlte and water at a ratio of one 30-oouna bag of Portlana Type I cement. 
3-s Dounas Of granular or flake-type Dentonlte ana 6 gallons of water. A neat cement IS made UD 01 
one ninety-pound bag of Portlana Type I cement ana 6 gallons oi water. 

- 

- 

- 
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In cenarn cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonrte pellets or 
equivalent. A short (l’-2’) sectron of capped riser pipe sump IS sometrmes installed immediately below 
the screen, as a slit reservoir, when significant post-development silting is anticipated. This wiil 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casinq 

When the well is completed and grouted to the surface, a protective steel casing is often placed over 
the top for the well. This casing generally has a hinged cap and can be locked to prevent vandalism. 
A vent hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure 
as water levels rise or fall in the well. The protective casing has a larger diameter than the well and is 
set into the wet cement grout over the well upon completion. In addition, one hole is drilled just 
above the cement collar through the protective casing which acts as a weep hole for the flow of 
water which may enter the annulus during well development, purging, or sampling. 

A Protective casing which is level with the ground surface is used in roadway or parking lot 
applicatrons where the top of a monitonng well must be below the pavement. The top of the riser 
pipe is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place 
to 3 inches below the pavement. A large diameter protective sleeve is set into the wet cement around 
the well with the top set level with the pavement. A manhole type lid placed over the protective 
sleeve. The cement should be slightly mounded to direct pooled water away from the well head. 

5.3 MONITORING WELL INSTALLATION 

5.3.1 Monitorins Wells in Unconsoiidated Sediments 

After the borehole is drilled to the desired depth, well installation can begln. The procedure for well 
installation WIII paRrally be dictated by the stability of the formatron In which the well is being 
placea. If the borenole collapses lmmedlately after the drilling tools are wlthdrawn, then a 
temporary casing must be installed and well installation WIII proceea througn the center of the 
temoorary casing, and continue as the temporary casing IS withdrawn from the borenoie. In the case 
of hollow stem auger drilling, the augers wail act to stabilize the borehole during weil installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sectlons should be 
measured with an engineers rule to ensure proper well placement. When measuring sections, the 
threaas on one end of the pipe or screen must be excluded while measuring, since the pipe and screen 
sections are screwed flush together. 

After the screen and riser Pipe are lowered through the temporary casing, then the sand pack can be 
installed. A weighted tape measure must be used during the procedure In order to carefully monitor 
installation progress. The sand is poured into the annulus between the riser pipe and temporary 
casmg, as the casing IS withdrawn. Sand should always be kept within the temporary casing during 
withdrawal in order to ensure an adequate sand pack. However, tf too much sand is wtthin the 
temporary casing (greater than 1 foot above the bottom of the casing) bridging between the 
temporary casing and riser pipe may occur. 

After the sand pack is installed to the desired depth, (at least 1 foot above the too of the screen) then 
the bentonlte Pellet seal or equivalent, can be Installed, In the same manner as the sand pack At 
least 1 to 3 feet Of bentonrte pellets should be Installed above the sand pack. 

D334901 
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The cement-bentontte grout is then mixed and either poured or tremled into the annulus as the 
temporary casing or augers are withdrawn. Finally, the protective casing can be installed as detalled 
In Secuon 5.2.4. 

In stable formations where borehale collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to be 
installed, one above, and one below the screen, to assure enough annular space for sand pack 
placement. A typical overburden monitoring well sheet IS shown. 

5.3.2 Confinina Laver Monitorinq Wells 

When drilling and installing a well in a confined aquifer, proper well installation techntques must be 
applied to avoid cross contammation between. Under most conditions, this can be accomplished by 
Installing double-cased weils. This is accomplished by drilling a large diameter boring through the 
upper aquifer, 1 to 3 feet Into the underlying confining layer, and setting and pressure grouting or 
iremle grouting the outer casing into the confining layer. The grout material must fill the space 
between the native material and the outer casing. A smaller diameter boring IS then continued 
through the confining layer for Installation of the monitonng well as detailed for overburaen 
monitoring wells, with the exception of not using a temporary casing during installation. Sufficient 
time which wiii be determined by the rig geologist, must be allowed for seamg of the grout prtor to 
drilling through the confined layer. A typical confining layer monitoring well sheet IS shown In 
Attachment C. 

5.3.3 Bedrock Monitorinq Wells 

When Installing bedrock monitoring wells, a large diameter boring is drilled through the overburden 
and approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure 
grouted or tremie grouted In olace. After the grout is cured, a smaller diameter boring IS continued 
through the bearock to the desired depth. If the bormg does not collaose. the weil can be lef? open. 
and a screen IS not necessary. If the boring collapses, then a screen IS required ano can be installed as 
detailed for overourden monitoring weils. However, If a screen IS to be used, then tne casing whlcn IS 
Installed througn the overburden and into the bedrock does not require grouting and can oe 
Installed temporary until final well installation is completed. Typical well construction forms for 
bedrock monitoring wells are snown In Attachment C. 

5.3.4 Drive Points 

Drive points can be Installed with either a sledge hammer, drop nammer, or a mechanical vibrator. 
The screen IS threaaed and tlghtened onto the riser pipe wcth pipe wrenches. The drive point 1s 
simply pounded into the subsurface to the desired depth. If a heavy drop hammer is used. then a 
tripod and pulley setup IS required to lift the hammer. Drive ootnts typically cannot be driven tO 
depths exceeding IO feet. 

5.3.5 Innovative Monitorinq Well Installation Techniques 

Certain lnnovatlve sampling devices have proven advantageous. These devices are esSentlaiiy 

screened samplers installed rn a borehole with oniy one or two small-diameter tubes extending to the 
surface. Manufacturers of these types of samplers claim that four samplers can be Installed in a 3-incn 
diameter borenole. This reduces drilling costs, decreases the volume of stagnant water, and Provloes 
a sampling system that mlnlmlzes cross contamlnatlon from sampling equipment. These samolers 
also oerform well when the water table IS wlthrn 25 feet from tne surface (the typrcai range Of sucflon 
pumps). Two manufacturers of these samplers are Timco Manufacturing Company, inc.. ai 

- 

- 

- 

- 

- 

~ 

i - 
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2ralrle 0~: Sac. Wisconsin, and BARCAD Systems. ICC., of Concord, Massacnusetts. Eacn offers various 
construc::on materials. 

TWO adaitlonat tyoes oi multilevel samotlng systems nave oeen oevetooed. Botn emotoy lnolvldual 
screenea openings tnrougn a small-alameter casing. One of these systems (marKeteo oy Westbay 
instruments Ltd. of Vancouver , Brltlsh Columbia, Canaaa) uses a screenea port ano a samollng probe 
to obtain samoies and neaa measurements or perform permeability tests. this system allows samoilng 
ports at intervals as close as 5 feet, of desirea, In oorenoies from 3 to 4.8 inches In alameter. 

The otner system, aeverooea at the University of Waterloo at Waterloo, Ontario, Canada, reaulres 
ileld assembly Of the lnaivldual SamDilng ports and tubes tnaf actuate a SimPle piston DumD ana force 
tne samoles to tne surface. Where the oeDtn to grouna water IS less tnan 25 feet. tne olston oumos 
are not reoulred. The assemoly IS maae of easliy ootarned materials; nowever, tne cost of laoor to 
assemble tnese monltonng systems may not oe cost-eifectlve. 

5.4 WELL DEVELOPMENT METHODS 

The purpose of well oeverooment IS to Stabilize and Increase tne permeablllty of tne gravel pacK 
around tne well screen, ana to restore tne permeablilty of the formation wnlcn may have oeen 
reauceo oy drilling operations. Wells are typIcally develooed until all fine matenai ana drilling water 
IS removed from the well. Seauentlal measurements of pH, conductlvlty and temoerature taken 
during oevelopment may yield informatron (stabilized values) that sufficient develooment IS reached. 
The selectIon of the well develooment method (shall) be made by the rig geologrst ana is based on 
the drilling methods, well constructlon and installation details, and the cnaractenstlcs of the 
formation that the well is screened in. The primary methods of well development are summarized 
below. A more detailed discusslon may be found in Driscoll (1986). 

Overoumblna and Backwashtnq - Wells may be aeveiooed by alternatrvely arawlng tne water ievel 
down at a nlgn rate (oy pumolng or balling) and then reversing tne flow direction ibacKwasn!ng) so 
that water IS passing from tne well Into tne formanon. This bacK and forth movement oi water 
tnrougn the well screen an0 gravel oacK serves to remove irnes from tne formation immediately 
adlacent to tne weir. while oreventrng orlaglng (weaglng) of sand grains. Backwasning can oe 
accomollsned by several methods including pouring water into the well and then balling, star-ttng ano 
stopping a oumo intermittently to change water levers, or forcing water Into the well under pressure 
througn a water-tlgnt fitting (“rawhiding”). Care snould be taken wnen backwasnlng not to aooly 
too mucn oressure, which could damage or destroy the well screen. 

Surqlno with a Suroe Plunaer - A surge plunger (also called a surge black) is approximately tne same 
diameter as tne well casing and is used to agitate the water, causing It to move In and out of the 
screens. 711s movement Of water rpulls fine materials into the well, wnere they may oe removed by 
any of several methods, and orevents bndglng of sand Dartlcles In the gravel pack. There are two 
basic types of surge piungers; solid and valved surge plungers. In formations with low yields, a valvea 
surge olunger may De preferrea. as solid olungers tend to force water out of the werl at a greater rate 
than it wll flow oack In. Valvea olungers are aeslgneo to produce a greater inflow tnan outflow of 
water auring surging. 

Comoressed Air - ComPressed air can oe used to aeveiop a well by either of two methods: 
baCKwasnrng or surging. BacKwasnmg IS done by forcing water out tnrough tne screens, using 
lncreaslna air oressure lnslde a sealed well, then releasing the pressurized air to allow the water to 
flow OaCk Info tne Well. Care snould be taKen when using this method so tnat the water level does 
not arop DelOw tne fOD of the screen, thus reauclng well yield. Surging, or the “ooen well” metnoa. 
Consists of alternately releasing large volumes of air sudaenly into an ooen well below tne water level 

333490’ 
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to produce a strong surge by vlftue of the resistance of water nead, friction, ana rnenra. Pumping tne 
well IS suosequently done with the air lift method. 

Htqh Vetocltv letting - In the high velocity letting methoa, water IS forced at high velocmes from a 
plunger-tyoe aevlce and through the werl screen to loosen fine panicles from the sand pack ana 
surrounalng formaaon. The jetting tool IS slowly rotated and raised and lowered along tne length of 
the well screen to develop the entire screened area. Jetting using a hose lowerea Into tne well may 
also pe effective. The fines washed into the screen during this process can then be balied or pumped 
from tne weil. 
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Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989 p. 

7.0 RECORDS 

A critical oaR of monitoring well installation IS recording of significant details and events in the field 
notebook. The Geoioglst must record the exact deptns of significant hydrogeological features screen 
placement, grave! pack placement, and bentonlte olacement. 

A Monrtonng Well Sheet (Attachment C) shall be used which allows the unrform recording of data for 
each lnstailatlon and rapid identification of missing information. Well depth, length, matertais of 
construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information (shall) include locatlon, Installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geoioglc 
boring log, and methods used during the installation and development process. The aocumentatlon 
IS very lmoonant to prevent problems Involving questionable sample validity. Somewnat different 
InformatIon will need to be recorded.depending on whether the well is completed in overburden, In 
a confined layer, In bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonlte, and grout olaced in the well are also important. The Geologist 
shall carculate the annular space volume and have a general idea of the quantity of materrai needed 
to fill the annuiar space. Volumes of backfill slgnlficantly higher than the calculated volume may 
indicate a DrOblem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any 
problems with ng operation or down time shall be recorded and may determine the driller’s final fee. 

- 
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ATTACHMENT A 

TABLE 7-4 RELATlVE COMPATIBILITY OF RIGID WELL-CASING MATERIAL (PERCENT) 

PVC 1 

‘00 

98 

:oo 

64 

3’ 

GalvanIzea 
Carbon Steel 

Lo-caroon StaInless Stainless 

Steel Steel steel 304 steel 3 16 
Teflon* 

56 51 59 97 100 100 

59 33 J7 96 100 100 

48 57 60 a0 a2 100 

69 73 73 98 100 100 

5s 56 59 93 96 ‘00 

Prellmlnarv Ranklna of Rlald MaterlaIr 

Teflon@ 

StaInless Steel 3 16 

StaInless Steel 304 
PVC 1 

Lo-Carbon Steel 
Galvanmed Steel 

Carbon Steel 

Trademark of DuPont 

RELATlVE COMPATlBlLlTY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) I 

PVC 

Flexible 
3P PE 

Conv 

PE 

Linear 
PMM Vltona* SIllcone Neoorene Teflon=* 

2 

3 
4 

5 
6 
7 

Source: 
l 

Preltmmary Rankmq of SemAqld or Elastomeric Materials 

Teflona 

Polyprooylene (PP) 
PVC flexmle/PE hnear 
Vlton@ 

PE Conventconal 
PlexlglavLuclte (PMM) 

Slllcane/Neoorene 

aarcelona et al.. 1983 
Trademark of DuPont 
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Characteristic Stainless Steel PVC 

I 
, Strength Use tn deep wells to prevent Use when shear and compressive 

compresslon and ctosrng of strength not crrtical. 
screen/riser. 

I iNeIght 

I cost 

I Corroslvity 

Relatively heavier 

Relatively expensive 

Detenorates more rapidly in 
corrosive water 

Lightweight, floats tn water 

Relatively inexpensive 

Non-corrosrve--may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlonnated HC 

Ease of Use Difficult to adjust srze or length in Easy to handle and work In the field. 
the field. 

I 
Preparation for Use Should be steam-cleaned for Never use glue fittings--pipes should be 

organics sampling threaded or pressure-fitted. Should be 
steam cleaned if used for monrtoring 
wells. 

InteractIon with May sorb organic or inorganlc 
Contamrnants’ substances when oxidized 

May sorb or release organic substances. 

d 

* See aiso Attachment A. 
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ATTACHMENT C 

=NUS 

!;?I!,; ‘.S 

-cxR=c-Am OVERBURDEN 

0 A raam,r;r 'Zcroanv MONITORING WELL SHEET 

I WOJECT 
?ROIECT ‘.O 
ELCVATION 

I CIELD GEOLOGIST 

LOCATION 
BORING 
DATE 

STiCK . LP RISER PIPE 

1 D 0F SURFACE USING. 
TYPE OF SURFACE CASIN- 

QISER PIPE I.D. 
TYPE OF RISER PIPE. 

TYPE OF BACKFILL. 

ELEVATION I DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

& DEPTH TOP OF SAND PACK. 

ELEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE I LENGTH: 

I ‘2 OF SCREEN: 

T”oE OF SAN0 PACK: 

ELEVATION/ OEPTH BOTlOM OF SCREEN: 

ELEVATIOY I DEPTH BOTTOM OF SAND PACK: 
TYPE OF jACKFILL BELOW OBSERVATION 

- ELEVATION I DEPTH OF HOLE. 
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ELEVATION I DEPTH 3Ol-TOaM OF SCREEN: 
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WELL: 
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TYPE OF SURFACE SEAL. 1 

l.D OF CASING. 
NDE OF CASING. 
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DEPTH TO TOP OF ROCK: 

DEPTH TO BOllOM CASING. 
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ELEVATION TOP OF PEAM CASING. 
TYPE OF SURFACE SEAL: 
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TYPE OF SURFACE CASING. 

RISER PIPE 1.0. 
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PERM CASING I.D. 
TYPE OF CASING & BACKFILL 

ELEVATION I DEPTH TO SEOROCK 
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BOREHOLE DIA. BELOW CASsNG. 
TYPE OF SACKFILL: 

,I 

ELEVATION I DE’TH TOP OF SEAL. 
l-fPE OF SEAL: 

ELEVATION / DEPTH TOP OF SAND PACK: 

ELEVATIONIDEDTH TOP OF SCREEN: 
TYPE OF SCREEN: 

TYPE OF SAND PACK 

__c ELEVATlON I DEPTH 307OM OF SCREEN. 

! 
i 

ELEVATION I DEPTH BOTTOM OF SAND PACK 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL. 
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__ 

_- 
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- 

- 

- 

- 

- 



ioiecl. Numoer Oage 
GH-1 7 17of17 

GROUNDWATER MONITORING Revision Effectwe 3are 

POINT INSTALLATION 1 05/04/90 

ATTACHMENT C 
PAGE FIVE 

BEDROCK 
30RlhG \O 

0 

MONITORING WELL SHEET 
A Halllburlm titXn’y 

JqOJECT 
PROJECT NO. 
ELEVATION 
&EL0 GEOLOGIST 

WELL INSTALLED IN BEDROCK 

LOCATION 
1 3RILLER 

BORING 
I ~RILL’NC 

DATE 
MET’IOO 
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C’ ‘VA7ION OF TOP OF SURFACE CASING --_ 

w ST;CK UP OF CASING A30VE GRObND 

;ROUND 
:;EVATION -“DE OF SURFACE SEAL. 

I 3 OF SURFACE CASING. 

- OIAMETEQ Of HOLE: 

QISER PIPE I 3 
I TYPE OF RISER PIPE. 

T”PE OF BACKFILL. 

5LEVA::ON I 0EPT.d T3 OF SEAL. 
ilEVATiON I DEPTH ‘OP OF SEOROCY 

TYPE OF SEAL. 

ELEVATION I DEPTH TOP OF SAND. 

. ELEVATION I DEPTH TOP OF SCREEN: 

‘“PE OF SCREEN: 

SLOT SiZE I LENGTH: 

‘- OIAMETER OF riO~i IN BEDROCK. 

CORE/ REAM. 

ELEVATION/ DEPTH 807OM SCREEN. 

iliz :{iEiil ELfVAllON I DE?+& 3OlTOM OF HOLE. 
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I 1.0 PURPOSE 

The oojective of this oroceaure IS to provide general reference InformatIon and technical guiaance on 
the measurement of hyarauiic head levels and the determjnation of the directjon of grounawater 
flow, using contour maos of the water table or the potentlometnc surface of an unconfined or 
confined aaulfer. 

I 2.0 SCOPE 

- 

- 

- 

- 

This procedure gives overall technjcal guidance for obtaining hydraulic head measurements In wells 
(frequently conducted In conjunctjon with groundwater sampling) and preparation of grounawater 
contour maos. The soeclfrc metnods could be modified by requirements of project-specific olans. 

- 

3.0 GLOSSARY 
I 

- 

I Hydraulic Head - The nelgnt to which water WIII nse In a well. 

Water Table - A surface rn an unconfined aquifer where groundwater pressure IS equal to 
atmospnerlc pressure (i.e., the pressure head is zero). 

Potentlometric Surface - A surface which is defined by the levels to which water WIII rise in wells 
which are screened or open In a specified zone of an unconfined or confined aquifer. 

Unconfined (water table) Aquifer - An aquifer in which the water table forms the upper bounaary. 

Confined Aauifer - An aquifer confined between two low permeability layers (aquitards) 

Artesian Conditions - A common condition In a confined aquifer In which the water level In a well 
completea wltnln tne aaulfer rises above the top of the aquifer. 

I 

Flow Net-A diagram of groundwater flow, showing flow lines and equipotentlal lines. 

Flow Line - A line lndicatrng the directjon of groundwater movement within the saturated zone 
Flow lines are drawn peroendlcular to equipotential lines. 

Equipotential Line - A contour line on the potentlometric surface or water table showing uniform 
hydraulic nead levels. Equlpotential lines on the water table are also called water-table contour iines. 

I 4.0 RESPONSlBlLlTlES 

Proiect Hvdroqeoloqist - has overall responsibility for obtaining water level measurements and 
developing grounawarer contour maps. The hydrogeologlst shall specify the reference point from 
which water ievels are measured (usually a specific pornt on the upper edge of the inner well casing), 
the number of data points needed and which wells shall be used for a contour map, and how many 
complete sets of water levels are required to adequately define groundwater flow directlons (e.g., lf 
there are seasonal vanaoons). 

- 

- 

.- 

Field Personnel - must have a bascc famrliarity with the equipment and procedures Involved in 
obtaining water levels, and must be aware of any project-specific requirements. 
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5.0 PROCEDURES 

5.1 GENERAL 

Grounowater level measurements can De made in monltorlng wells, Pnvate or public water weils, 
plezometers, open borenoles, or test pits (after stabilization). Groundwater measurements should 
generaliy not be maae In Dorenoles wltn drilling rods or auger flights oresent. ri grounawater 
sampling actlvitles are to occur, groundwater level measurements shall take olace pnor to well 
evacuation or sampling. 

All grounawater level measurements shall be made to the nearest 0.01 foot, ana recorded In the 
geoioglst’s field noteDook or on the Grounawater Level Measurement Sheet (Attacnment A), along 
wrth the aate and time of the reading. The total depth of the well shall be measured and recorded, pi 
not alreaay known. Weather changes that occur over the period of time dunng wnlcn water levels 
are being taken. such as orecipitation and bariometnc Dressure changes, snould be notea. 

in measuring grounawater levels, there shall be a clearly-estabiishea reference oolnt of known 
eievatlon, which IS normally identified Dy a mark on tne upper edge of the Inner well castng. The 
reference point shall be noted tn the field notebook. To be useful, the reference oolnt snould be flea 
In wrth an established USGS bencnmark or other DroDerly surveyed elevation datum. An arbitrary 
datum could be used for an isolated group of wells if necessary. 

Cascading water within a borehole or steel well casrngs can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems In determrnrng the true 
water level in a well. Special devices (interface probes) are available for measunng the thickness of oil 
layers and true depth to groundwater if requrred. 

Water level readings shall be taken regularly, as reaulred by the sate nyarogeologlst. Monrtonng 
wells or ooen-cased boreholes that are sub)ect to tidal fluctuations snould be reaa In conjunctIon 
wtth a tlaal chart (or preferably In coqunctlon with readings of a tide staff or tide level recorder 
Installed In the adjacent water body); the ireauency of sucn readings snail be estaoilsned by the site 
hydrogeorogist. All water level measurements at a site used to develop a groundwater contour mao 
shall be made in the shortest practical time to minimize affects due weather cnanges, and at least 
during tne same day. 

5.2 WATER LEVEL MEASURING TECHNIQUES 

There are several methods for determinrng standing or changing water leveis In boreholes and 
monitoring wells. Certain methods have oarticular advantages and disadvantages aeDendlng upon 
well conaitions. A general descriptron of these methods IS presented, along with a llsttng of varrous 
advantages and disadvantages of each technique. An effective technloue shall be selected for the 
particular site conditions by the onsite hydrogeoroglst. 

In most Instances, preparatlon of accurate ootentiometrtc surface reourres that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain sucn measurements In Individual 

accessibie wells, the Chalked Tape or Elecrncal Water Level Indicator metnods have oeen found best, 
and thus are the most often utilized. Other, less precise methods, sucn as the PoDper or EelI Souno or 
Bailer Line methods, may be approwate for deveroplng preliminary estimates of hydraulic 
conditions. When a large number of (or continuous) readings are reouired, time-consuming 
indivlaual readings are not usually feasible. In sucn cases, It is best to use the Fioat Recoraer or 
Pressure Transaucer methods. When conartlons In tne well limrt reaolngs (i.e., turDu)ence In tne 
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water surface or llmltea access tnrougn smali dtameter tuolng), less precise, Dut approDnate. metnoas 
sucn as tne AIM Line or Caolilary Tubing metnoas can oe usea. 

5.2.1 Methods 

Water levels can be measured oy several different techntaues, but the same steps shall be followed In 
eacn case. The prooer sequence IS as follows: 

I. Check oDeratton of recording equipment above ground. Prior to openrng tne well, don 
personal protective eaurpment as reaurred. 

2. Record ali informatlon specified below In tne geologist’s field noteoook or on the 
Groundwater Level Measurement Sheet. 

a. Well number. 
D. Recora water level to tne nearest 0.01 foot (0.3 cm). Water levels snail be taken from 

tne surveyea reference mark on tne toD eage of tne inner well casing. 
c. Record the time ana day of the measurement. 

Water level measuring devices with permanently marked Intervals shall be used wnen possible. If 
water levei measurrng aevlces marked by metal or plastic bands clamped at intervals along the 
measuring line are used, the sDacrng and accuracy of these Dands shall be checked frequently as they 
may loosen and slide up or aown the iine, resulting In inaccurate reference points (see Section 5.2.3). 

5.2.2 Water Level Measurina Devices 

Chalked Steel Tape 

The water level is measured by chaiklng a welgnted steel tape and lowering It a known distance (to 
any convenient whole foot mark) into the well or borenoie. The water level IS aetermlnea by 
subtracting the wetted cnaikea mark from tne total length lowered into tne hole. 

The taDe shall be withdrawn aurckly from the well because water has a tenaency to rise up the chalk 
due to caDlllary actron. A water finding paste may De used In place of chalk. The oaste IS soread on 
the tape tne same way as the chalk, and turns rea uDon contacting water. 

Disadvantages to this method include the following: depths are limited by the inconvenience of 
using heavier weights to properiy tension longer taDe lengths: Ineffective If borehote/well wall IS wet 
or inflow IS occurring above tne static water level: chalking the tape IS time consumrng; difficult to 
use during periods of precrpltatlon. 

Electric Water Level indicators 

These aevices consist of a so001 of small-diameter cable ana a weighted Drobe attached to tne ena. 
When the probe comes rn contact with the water, an electrlcal circuit IS closed ana a meter, Ilght. 
and/or butter attached to the soooi will signal the contact. 

There are a number of commercial electrtc sounders available, none of which is entirely reliable unaer 
all condmons likely to occur In a contamrnatea monltonng well. In conditions wnere there IS OII on 

the water, groundwater with high specific conauctance, water cascaaing into the weil, Steei well 
casing, or a turbulent water surface In tne well, measuring with an electric sounaer may De difficult 

- 

- 

_- 

. 

- 
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nor accurate reaalngs, the probe shall be lowered slowly into the welt. The eleCtTIC taDe 1s markea at 

the measuring point wnere contact with the water surface was Indicated. The distance from tne mark 
to the nearest taoe oand IS measured using an engrneer’s folding ruler or steel tape ana added to the 

band reaalng to obtain the aepth to water. If band IS not a permanent markrng Dana, spacing shall 
be checked oenoarcally as described in Section 5.2.3. 

Popper or Bell Sounder 

A bell- or cup-shaped weight that IS hollow on the bottom is attached to a measuring tape and 
lowered Into the weil. A “plopprng” or “popping” sound is made when the weight strikes the surface 
of the water. An accurate reaalng can be determined by lifting and lowerrng tne weight In short 
strokes, ana reaaing the tape when the weight strokes the water. This methoa IS not sufficiently 
accurate to obtain water levels to 0.01 feet, and thus is more appropriate for obtaining only 
approxrmate water levels quickly. 

Float Recorder 

A float or an electromechanlcally actuated water-seeking probe may oe used to detect vertical 

changes of the water surface In the hole. A paper-covered recording cnart drum IS rotated by the up 
and down motion of the fioat via a pulley and reductron gear mechanism, while a clock drive moves a 
recording pen horltontally across the chart. To ensure continuous records, the recorder shall be 
inspected, maintained, and adjusted periodically. This type of device is useful for continuously 
measuring perrodic water level fluctuations, such as tidal fluctuations or influences of pumping wells. 

Air Line 

An air line IS especially useful in Dumped wells where water turbulence may preclude the use of other 
devices. A small-diameter wergnted tube of known length IS Installed from tne surface to a depth 
below the lowest water level exoected. Compressed air (from a compressor, bottled air, or air pump) 
IS used to ourge tne water from the tube, until arr begins to escape the lower end of the tube, and IS 

seen (or heard) to be bubbling up through the water In the well. The pressure neeaed to ourge tne 

water from the air iine multiplied by 2.307 (feet of water for 1 PSI) equals the iengtn rn feet of 
submerged air line. The depth to water below the center of the pressure gauge can be calculated by 
subtractrng the length of air line below the water surface from the total length of the air line. 

The dlsaavantages to this method include the need for an air supply and lower level of accuracy 
(unless a very accurate air pressure gauge IS used, this method cannot be used to obtain water level 
readings to the nearest 0.01 f-t). 

Capillary Tubing 

In small diameter plezometer tubing, water levels are determined by using a caoillary tube. Colored 
or clear water IS placed in a small “U’‘-shaped loop In one end of the tube (the rest of the tuoe 
contains air). The other end of the caoillary tube is lowered down the piezometer tubing untrl the 
water in the 1000 moves, Indicating that the water level has been reached. The point IS then 

measurea from tne bottom of the capillary tube or recorded if the capillary tube IS calibrated. This IS 
the best method for very small diameter tubing monltorlng systems Such aS Barcad and otner 
mUltilevel Samples. Unless the capillary tube IS calibrated, two people may be required to measure 
the lengtn of caoillary tubing used to reach the groundwater. Since the plezometer tubing ana 
capillary tubing usually are somewhat coiled when Installed, It IS difficult to accurately measure 
absolute water level elevations Using thrs method. However, the metnod IS useful In accuratelv 
measuring differences or changes In water ievels (i.e., during pumping tests). 
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I Pressure Transducer 

Pressure transducers can oe lowered Into a well or oorehole to measure the pressure of water and 
therefore tne water elevation aoove the transducer. The transducer IS wired tnto a recorder at the 
surface to record changes In water level with time. The recorder dlgltrzes the information and can 
provide a pnntaut or transfer the information to a computer for evaluatron (using a well 
drawdown/recovery model). The pressure transaucer should be !nltialiy calibrated with another 
water level measurement technique to ensure accuracy. This techniaue IS very useful for hydraulic 
conductivity testing In htghly permeable material where repeated, accurate water level 
measuremenrs are required In a very short period of time. A senslflve transducer element IS required 
to measure water levels to 0.01 foot accuracy. 

Borehole Geophysics 
I 

Approximate water leveis can pe aetermlned dunng geopnystcal logging of the borehole (althougn 
thus IS not tne pnmaty purpose for geophyslcai logging and such logging IS not cost-effective ii used 
only for this puroose). Several logging techniques will indicate water level. Commonly-used logs 
which wlil indicate saturated/unsaturated conaitrons include the spontaneous potentral (SP) log and 
the neutron log. 

Bailer Line Method 

I 
Water levels can be measured during a bailing test of a well by marking and measuring the bailer line 
from the bottom of the balier (where water is first encountered) to the point even with the top of the 
well casing. This is a useful technique during bailing tests (particularly if recovery is rapid) if the barler 
is heard hitting the water. However, it is not recommended for measuring static water levels because 
it IS not usually as accurate as some of the other methods described above. 

I 52.3 Data Recordinq 

Water iever measurements, time, data, and weather conditions shall be recordea In the geologist’s 
field notebook or on the Groundwater Level Measurement Sheet. All water level measurements shall 
be measured from a known reference point. The reference point IS generally a marked point on the 
upper edge of the Inner well casrng that has been surveyed for an elevatron. The exact reference 
pornt shall be marked with permanent Ink on the casing since the top of the casing may not be 
entirely level. It is important to note changes In weather conditions because changes In the 
barometnc pressure may affect the water level within the well. 

5.2.4 Specific Quality Control Procedures for Water Level Measurina Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent 
cross contaminatron of wells. 

Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy periodically. A water level Indicator calibration sheet shall be 
completed each ttme the measuring device IS checked. A water levei indicator calibratron form IS 

shown in Attachment A. The “actual reading” column on the sheet IS the actual length of the interval 
from the end of the Indicator to the appropriate marked depth interval. In many cases, these 
measurements are different because the water level measuring aevrce IS connected to tne end of the 
measuring tape or line, and may extend beyond “0” feet on the measuring line. 

-- 

- 

- 

- 
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5.3 POTENTIOMETRIC SURFACE MAPPING 

5.3.1 Selection of Wells 

All weils used to DreDare a flow net In a elan or mao view should reoresent tne same nydrogeologlc 
unit, be It aquifer or aaultard. All water level measurements used shall be collectea on tne same aay. 

Before maoping, revlew the recorded water levels and monltorlng-well construction data, site 
geology and topograpnlc setting to ascertaln that the wells are completed In the same nyarogeoioglc 
unit ana to determine if strong vertical hyaraulic graaients may be oresent. Such conaitlons WIII be 
manliested by a Dronouncea correlation between well deotn ana water level, or by a difference In 
water ievel between two wells located near each other out set to different aeptns or navlng different 
screen lengths. ProfessIonal luagment of the nydrogeoioglst IS Important In this decision. If vertlcai 
gradients are significant, the data to be used must be ilmltea vertically, and only wells iinlsnea In a 
chosen vertical zone of the hyarogeoroglc unit can be usea. 

At least tnree wells must De used to provide an estimation of the alrectlon of grounawater flow. ana 
many more wells will be neeaed to provlae an accurate contour map. Generaliy, snailow systems 
require more weils tnan aeep systems for accurate contour mapping. 

5.3.2 Construction of Esuipotential Lines 

Plot the water elevations in the chosen wells on a site map. Other hydrogeologic features associated 
with the zone of interest -- such as seeps, wetlands, and surface-water Dodres -- should also De Dlotted 
along with their elevations. 

The data snould then be contoured, using mathematically valid and generaily acceoted techntques. 
Linear interpolation IS most commonly used, as It IS the simplest technlaue. However, quadratlc 
interpolation or any technique of trena-surface analysis or data smoothing IS acceotaote. Comouter- 
generatea contour maDs may De useful for large data sets. Contour lines snail be orawn as smootn, 
continuous iines wnlch never cross one anotner. 

Inspect the contour map, noting known features, such as Dumping wells and site tooograpny. The 
contour lines must be adjusted in accordance with these, utilizing the proiesslonai judgment of the 
hydrogeologist. Closed contours should be avoided unless a known sink exists. Groundwater 
mounding IS common under landfills ana lagoons: If the aata Imply this, the feature must show In the 
contour Dlot. 

5.3.3 Determination of Groundwater-Flow Direction 

Flow lines shall be drawn so that they are perpendicular to equlpotential lines. flow lines will begln 
at high nead elevations and ena at low nead elevations. Closed highs wlil be tne source of addItIonal 
flow lines. Closed deDresslons will be the termrnatlon of some flow iines. Care must De usea in areas 
with significant vertical graaients to avoid erroneous conclusions concerning graalents and flow 
directions. 

5.4 HEALTH AND SAFETY CONSIDERATIONS 

Groundwater contaminated by volatile organic compounds may release toxic vaDors into the atr 
space InslOe tne well oipe. The release of this air wnen tne well is lnmaliy opened IS a Health/Safetv 
nazara which mUSt De conslaerea. Initial monltonng of the well heaa$Dace ana breatning zone 

0334901 
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Concentrations using a PID (HNU) or FID (OVA) and combustible gas meters shall be performed to 
determlne required leveis oi prOteCtIOn. 

6.0 REFERENCES 

Freeze, R. A. and 1. A. Cherry, 1979. Groundwater. Prenttce-Hall, Englewood Cliffs, New Jersey, 

604 pp. 

Cedergren, H. R., 1977. Seepaae, Dralnade and Flow Nets (2nd edition). John Wiley and Sons, 
New York. 

Fetter, C. W., 1980. Applied Hvdroqeoioqv. Me , Columbus, Ohio, 488 pp. 

7.0 ATTACHMENTS 

Attachment A - Groundwater Level Measurer ieet 

Attachment 9 -Water Level Indicator Caiibratlon Sheet. 

- 

- 

- 

- 

- 
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ATTACHMENT A 

GROUNDWATER LEVEL MEASUREMENT SHEET 

LOCATION 

Project Name: Municipality: 
Project No.: County: 
Personnel: State : 
Date: Street or 

Map Location 
(If Off-Site) 

WEATHER CONDITIONS 

Temperature Range: Equloment No.: 
Precipitation: Equipment Name: 
Barometrtc Pressure: Latest Calibration Date: 

Tidally-Influenced: [ I Yes [ 1 No 

Reference Point 
Groundwater 

Elevation (Feet)* 

* All elevations to nearest 0.01 foot. 

0334901 
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AITACHMENT B 

WATER LEVEL INDICATOR CALIBRATION SHEET 

Project Name 

Project No. 

Equipment No. 

Equipment Name 

Date 

Water Level 
Indicator 

Marking (Feet) 
Actual Reading* (Feet) 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

-_ 

- 

- 

l Record readings to the nearest 0.01 foot. The actual reading may be different 
than marking because the water level measuring device (electrode, popper, 
etc.) may extend beyond the “0” feet mark on the measuring line. 
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1.0 PURPOSE 

The purpose of thus proceaure IS to provrae generai reference lniormatron on the samoirng of 
grounawater wells. The metnoas ana equrpment descrrbed are for tne collectron of water samples 
from the saturated zone of the suosuriace. 

2.0 SCOPE 

This oroceaure orovrdes InformatIon on orooer sampling equloment ana tecnnraues for grounawater 
samotrng. Review of the Information contained hereln WIII facilitate oianntng of the iieia samoling 
effort by aescnbrng stanaara samprrng techniques. The techniques aescrlbea shall be foiiowea 
wnenever applicable, noting tnat site-specific conditions or project-saecrilc plans may require 
aalustments In methodology. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Site Hvdroqeoloqist or Geochemist - responsible for selecting and detailrng the speafic groundwater 
sampling techniques and equipment to be used, documenttng these tn the Project Operations Plan 
(POP), and properly briefing the site sampling personnei. 

Site Geoloqlst - The Site Geologrst IS prrmarlly responsible for the proper acquisition of the 
grounawater samples. When aoproprlate, such responsibilities may be oeriormed by other quairfied 
personnel (engmeers, field technrcrans). 

Site Manaaer- The Site Manager IS responsible for reviewtng tne samoirng procedures used by tne 
fieid crew ana for periormlng In-fielo SDOt cnecks iOr proDer SamDilng proceaures. 

5.0 PROCEDURES 

5.1 GENERAL 

To be useful and accurate, a groundwater sample must be representative of the oarttcular zone of the 
water being sampled. The physical, chemrcal, and bactertologlcal integrity of the samole must be 
maintained from the time of samollng to the time of testing In order to keep any cnanges in water 
quality parameters to a mlnlmum. 

Methods for wlthdrawlng samoles from comoleted wells Include tne use of pumos, comoressed air, 
bailers, and varrous types of samplers. The prrmary consrderations In obtalnrng a reoresentative 
samoie of the groundwater are to avoid collectron of stagnant (stanarng) water In the well and to 
avoid onyslcal or chemical alteration of the water due to sampling tecnntques. In a non-pumolng 
well, there will be little or no vertical mixing of water tn the well pipe or casing, and stratrfrcatlon WI/I 
occur. The well water tn the screened sectron will mix with the grounawater aue to normal flow 
patterns, but the well water above the screened section will remain Isolated and become stagnant. 
To safeguard against collecting non-representative stagnant water In a sample, me following 
approacn snail be fOliOWed prior to samote acauisition: 

- 

- 

- 
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* All monrtorrng wells shall be ourged onor to obtarnlng a samole. ivacuatlon of tnree to 
irve volumes IS recommenaed for a representative sample. In a high-yleialng grounawater 
formatron and wnere tnere IS no stagnant water In the well above the screenea section, 
evacuation onor to sample withdrawal IS not as crItical. 

2. For weils that can oe purged to dryness with the sampling equipment berng used, the well 
shall be evacuated and allowed to recover prior to sample acouismon. If the recovery rate 
IS fairiy rapia, evacuation of more than one voiume of water is oreferrea. 

3. For high-yreldlng monltorrng wells which cannot be evacuated to aryness. fhere IS no 
aosolute safeguard against contaminating tne sample with stagnant water. One of the 
followlng techniques shall be used to mrnlmlze tnis posslbillty: 

0 A submersible oump, intake line of a surface pumo or bailer shall be placed lust below the 
water surface wnen removing the stagnant water and lowered as tne water levei 
decreases. Three to five volumes of water shall be removed to oroviae reasonaoie 
assurance tnat all stagnant water has been evacuated. Once this IS accomolisnea a bailer 
may be used to collect the sample for cnemicai analysis. 

0 The inlet line of the sampling pump (or. the suomerslble pump itself) shall be placed near 
the bottom of the screened section, and approximately one casing volume of water shall 
be pumped from the well at a rate equal to the well’s recovery rate. 

Stratlficatron of contaminants may exist in the aquifer formation, both in terms of a concentration 
gradients due to mixing and dispersion processes in a homogeneous layer, and In iayers of variable 
permeability Into which a greater or lesser amount of the contaminant plume has flowed. Excessive 
pumolng can dilute or increase the contaminant concentratrons in the recovered samole compared to 
what IS reoresentatlve of the integrated water column at that point, and thus result In the corlectron 
of a non-representative sample. 

5.2 SAMPLING, MONITORING, AND EVACUATION EQUIPMENT 

Sample containers shall conform with EPA regulations for the appropriate contaminants. 

The following equipment shall be on hand when sampling ground water wells: 

l Samole oackaqrnq and shipplnq equipment - Coolers for sample shloplng and cooling, 
chemical preservatives, appropriate packing containers and filler, ice, labels and chaln-of- 
custody documents. 

0 Field tools and instrumentation - Thermometer: pH paper/meter: camera and film: tags; 
approonate keys (for locked wells); engineers rule; water-level \ndrcator; wnere 
applicable, specific-conductivity meter. 

0 Pumos 

- Shallow-well pumps--Centrifugal, pitcher, suction, or peristaltic pumos with dropllnes, 
air-lift apparatus (compressor and tubrng) where applicable. 

- Deep-well OumDs--submersible pump and electrlcal power generating unit, or air-IliT 
apparatus where applicable. 

033490 1 
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0 Other samoiino equtoment - Bailers and monoiliament line with tnpod-pulley assembly (if 
necessary). Bailers snail be used to obtain samples for volatile organrcs from shallow and 
deep groundwater wells. 

l Pails - Plastic, graduated. 

l Decontamtnation solutions - Distilled water, Alconox, methanol, acetone. 

Ideally, sample withdrawal equipment shall be completely inert, economrcal, easrly cleaned, 
steniized, and reused, able to operate at remote sites In the absence of power sources, ana capable of 
delivering variable rates for well flushing and sample collectron. 

5.3 CALCULATIONS OF WELL VOLUME 

To insure that the proper volume of water has been removed from the well pnor to samollng It IS first 
necessary to know the volume of standrng water In the well pipe. This volume can oe easily 
calculated by the following method. Calculations shall be entered In the field logbook and on the 
field data form (Attachment A): 

l Obtain all available Information on weil construction (locatron, casing, screens, etc.). 

l Determine well or casing diameter. 

l Measure and record static water level (depth below ground level or top of casing reference 
point). 

l Determine depth of well (if not known from past records) by sounding using a clean, 
decontamrnated weighted tape measure. 

l Calculate number of linear feet of static water (total depth or length of well pipe menus the 
depth to static water level). 

l Calculate one static well volume In gallons (V = 0.163Tr2). 

where: 

V = Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet, I.e., linear feet of static 

water. 
= Inside radius of well casing in inches. 

;.I63 = A constant conversion factor which compensates for the conversion of the 
casing radius from inches to feet, the conversion of cubic feet to gallons, and 
pi. 

l Determine the minimum amount to be evacuated before sampiing. 
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5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flusnlng a well shall receive prior to sampie collectron wlil depend on the Intent of the 
monltonng program and the hyarogeologic conditions. Programs to determine overall auality of 
water resources may require long pumping perrods to obtain a sample that is reoresentatlve of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped 
until the parameters sucn as temoerature, electrical conductance, and pH have stabilized. Onsrte 
measurements of these parameters shall be recorded on the field data form. 

For defining a contamrnant plume, a representatrve sample of only a small volume of the aaulfer is 
requirea. These circumstances requrre that the well be pumped enough to remove the stagnant 
water but not enough to induce significant groundwater flow from other areas. Generally three to 
five well volumes are consraered effective for purging a well. 

The site hydrogeoiogtst, geochemist and risk assessment personnel shall define the op!ectlves of the 
groundwater sampling program In the Work Plan, and provide appropriate cnterla and guidance to 
the sampling personnel on the proper methods and volumes of well purging. 

5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment B provides guidance on the proper evacuation device to use for grven sampling 
situations. Note that all of these techniques involve equipment which IS portable and readily 
available. 

5.4.2.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as IS more useful and favorea, with a 
ball check-vaive at the bottom. An inert line IS used to lower the bailer and retrieve the sample. 

Advantages of bailers Include: 

0 Few limitatrons on size and materials used for bailers. 
l No external power source needed. 
l Bailers are rnexpensrve. and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
l There IS mtnimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontamrnate. 

Limitations on the use of bailers include the followlng: 

0 It is time consuming to remove stagnant water using a bailer. 
l Transfer of sample may cause aeration. 
l Use of bailers IS physrcally demanding, especially in warm temperatures at protectron levels 

above Level D. 

0334901 
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5.4.2.2 Suction Pumps 

There are many different types of inexpensive suction pumps lnciuding centrifugal, diaohragm, 
perrstaltlc, ana pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at 
a fast pumping rate and for sampling at a low pumptng rate. The peristaltic pump is a low volume 
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexible tubing, thereby 
creating suction. This tubing can be dedicated to a well to prevent cross contamrnation. The pitcher 
pump IS a common farm nand-pump. 

These Dumps are all portable, inexpensive and readily available. However, because they are based on 
suction, therr use IS restncted to areas with water levels within 20 to 25 feet of the grouna surface. A 
significant limltatron IS that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organlcs. In addition, the complex internal components of these pumps may be 
difficult to decontaminate. 

5.4.2.3 Gas-Lift Samplers 

This group of samplers uses gas pressure either In the annulus of the well or In a venturi to force the 
water up a sampling tube. These pumps are also relatively inexpensive. Gas lift samplers are more I 
suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation or loss of volatile organrcs. 

5.4.2.4 Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and 
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or 
Impeller. Pumps are available for 2-inch diameter wells and larger. These pumps can lift water from 
consideraole depths (several hundred feet). 

Llmitatlons of this class of pumps Include: 

l They may have low delivery rates. 
l Many models of these pumps are expensive. 
0 Comoressed gas or electric power is needed. 
l Sediment in water may cause cloggrng of the valves or eroding the tmpellers with some of 

these pumps. 
l Decontamination of internal components is difficult and time-consuming. 

5.5 SAMPLING 

5.5.1 Samplinq Plan 

The sampling approach consisting of the followlng, shall be developed as part of the POP prior to the 
field work: 

l Background and oblectlves of sampling. 

l Brief description of area and waste characterization. 

0 Identification of sampling locations, with map or sketch, and aoplicable well construction 
data (well size, depth, screened interval, reference elevation). 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-_ 
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0 Intended number, seouence volumes, and types of samples. If the reiatlve degrees of 
contamrnatlon between wells is unknown or insignificant, a sampling seauence which 
facilitates samplrng logistics may be followed. Where some wells are known or strongly 
suspected of being highly contamrnated, these shall be sampled last to reduce the nsk of 
cross-contamrnatron between wells as a result of the sampling procedures. 

l Sample preservation requirements. 

l Working schedule. 

0 List of team members. 

0 List of observers and contacts. 

l Other rnformatlon, such as the necessity for a warrant or permrsslon of entry, requirement 
for split samples, access problems, iocatlon of keys, etc. 

55.2 Sampiinq Methods 

The collection of a groundwater sample is made up of the following steps: 

1, HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determme the need for respiratory 
protectron. 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data in a well samoling data sneet 
(Attachment A); then calculate the fluid volume m the well pipe. 

3. Calculate well volume to be removed as stated in Section 5.3. 

4. Select appropriate purging equipment (see Attachment B). If an electric submersrble pump 
with packer is chosen, go to Step 10. 

5. Lower purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it In an acceptable 
manner. Lower the purging device, as required, to maintain submergence. 

6. Measure rate of discharge frequently. A bucket and stopwatch are most commonly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. 

7. Observe peristaltic pump Intake for degassing “bubbles.” If bubbles are abundant and the 
intake is fully submerged, thrs pump IS not surtable for collectrng samoles for volatile 
organrcs. Never collect volatile organlcs samples using a vacuum pump. 

8. Purge a minimum of three-to-five casing volumes before sampling. In low permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

9. If sampling using a pump, lower the pump intake to midscreen or the middle of the own 

section in uncased wells and collect the sample. If sampling with a bailer, lower the bailer 
to sampling level before filling (thrs requires use of other than a ‘bucket-type’ barler) 

na7noni 
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Purgea water snail be collectea In a designated container and disposed of in an acceptable 
manner. 

10. (For pump and packer assembly only). Lower assembly into well so that packer IS 
posltionea just above the screen or open section and Inflate. Purge a volume equal to at 
least twice the screened interval or unscreened open sectlon volume below the packer 
before sampling. Packers shall always be tested in a casing section above ground to 
determrne proper rnflatron pressures for good sealing. 

11. In the event that recovery time of the well is very slow (e.g., 24 hours), sample collection 
can be delayed until the following day. If the well has been bailed early in the mornrng, 
sufficient water may be standing In the well by the day’s end to permit sample collection. If 
the well is incapable of producing a sufficient volume of sample at any time, take the 
largest quantity available and record in the logbook. 

12. Add preservative If required. Label, tag, and number the sampie bottle(s). 

13. Replace the well cap. Make sure the well is readily ldentrfiable as the source of the 
samples. 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping 
package. Make sure that traffic reports and chain-of-custody forms are properly filled out 
and enclosed or attached. 

15. Decontamrnate all equipment 

5.5.3 Sample Containers 

For most samples ana analytical oarameters, either glass or plastic containers are satisfactory. 

5.5.4 Preservation of Samoles and Sampie Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant ana on the type of analysis to be performed. Procedure SF-l.2 descrloes the sample 
preservation and volume requirements for most of the chemrcals that will be encountered during 
hazardous waste site Investlgatlons. Procedure SA-4.3 describes the preservation reouiremenf for 
mrcrobial samples. 

5.5.5 Handlins and Transportinq Samples 

After collection, samples shall be handled as little as possible. !t IS preferable to use self-contained 
“chemical” ice (e.g.. “blue Ice”) to reduce the risk of contamrnatron. If water Ice IS used, it shall be 
bagged ana steps taken to ensure that the melted ice does not cause samole containers to be 
submerged and thus possibly become cross-contaminated. All sample containers snail be enclosed In 
plastic bags or cans to orevent cross-contamination. Samples snail be secured In the Ice chest to 
prevent movement of sample containers and possible breakage. Sample packing ana tranSPOrtaflOn 
reaulrements are descrlaed in SA-6.2. 

5.5.6 Sample Holdinq Times 

Folding times (i.e. allowed time oetween sample collectlon and analysis) for routine SamDIes are 
given In Proceaure SF- 1 2. 

- 

- 

- 
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5.6 RECORDS 

Recoras wail be marntalned for eacn sampie that is taken. The sample log sheet will be used to record 
the following InformatIon: 

l Sample identification (site name, location, project number; sample name/number and 
location; sample type and matnx; time and date; sampler’s identity). 

e Sample source and source description. 

l Purge data - prior to removal of each casing volume and before sampling, pH, electrical 
conductance, temperature, color, and turbidity shall be measured and recorded. 

0 Field observations and measurements (appearance; volatile screening; field chemistry; 
sampiing method). 

l Sample disposrtion (presen/atlves added; lab sent to, date and time; lab sample number, 
EPA Traffic Repon or Specrai Analytical Services number, chain-of-custody number. \ 

l Additional remarks - (e.g., sampled in conjunction with state, county, local regulatory 
authorities; samples for specrfic conductance value only; sampled for key indicator 
analysis; etc.). 

5.7 CHAIN-OF-CUSTODY 

Proper cnain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes 
the requirements for a correct chain-of-custody. 

6.0 REFERENCES 

U.S. E?A. 1980. Procedures Manuai for Ground Water Monrtonnq at Solid Waste Disoosal Facilities. 
Office of Solid Waste, Unrtea States Envlronmentar Protectton Agency, WashIngton, D.C. 

Johnson Division, UOP, Inc. 1975. Ground Water and Wells, A Reference Book for the Water Well 
lndustrv Johnson Division, UOP, Inc., Saint Paul, Minnesota. 

Barcelona, M. J., 1. P. Gibb ana R. A. Miller, 1983. A quide to the Selectton of Materials for Monitorrnq 
Well Construction and Groundwater Samolinq. ISWS Contract Report 327, Illinois State Water Survey, 
Chamoalgn, Illinois. 

Scalf. M. R., J. F. McNabb, W. I. Dunlap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground Water 
Samollna Procedures. R. S. Kerr Environmental Research Laboratory, Office of Research and 
Develooment, U.S. EPA, Ada, Oklahoma. 

Nielsen, D. M. and G. L. Yeates, 1985. A Comoanson of Samoiinq Mechanisms Avariable for Small- 
Diameter Ground Water Monltonna Wells. Ground Water Monltonng Review 5:83-98. 
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7.0 AlTACHMENTS 

Attacnment A - Well Samoiing Data Sheet 
Attacnment 6 - Purging Equipment Selectton 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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1 .o PURPOSE 

-his DurDose of this Droceaure 15 to provlae lnformatlon on cnaln-of-custoay proceaures to oe used 
jnaer tne NUS ?rogram. 

2.0 SCOPE 

‘his proceaure deSCrlbeS me stem necessary for transferring samples through the use of Chaln-oi- 
Custoay Recoras. .A Chain-of-Custody Record IS required, wlthout exceptlon, for tne tracking and 
recoralng of all samDIes collectea for on-site or off-site analysis (chemical or geotecnnlcal) during 
Drogram activltres. Use of the Chain-of-Custody Recora Form creates an accurate written record that 
can De used to trace the oossesslon and nanaling of the samme from the moment of its collection 
nrougn analysis ana Its introaucflon as eviaence. This proceaure ldentlfies tne necessary custody 
‘ecoras ana descrloes tnetr comoletion. 

-his oroceaure aoes not take Dreceaence over region-sDeciiic or site-specific reaulrements for cnaln- 
bi-custoav. 

3.0 GLOSSARY 

Chain-of-Custoav Record Form - A Chain-of-Custody Record Form IS a prlnted two-Daft form that 
accomoanies a sample or grout of samDIes as custody of the sample(s) is transferred from one 
custodian to anotner custodian. A Chain-of-Custody Recora Form IS a controilea aocument, provided 
Dy the regional office of EPA. 

‘he cnaln-of-custody form IS a two-Dage carbon-copy type form. The orlglnal form accompanies the 
samples aurlng snioment, ana the DlnK caroon-coDy IS retainea In the Droject file. 

Tontrollea ‘Document - A consecutively-numDerea form releasea by EPA or Program Management 
,Iffice cWl0) ‘or use on a Dafticular ‘fiork assignment. .A;1 unusea forms must be returnea or 
;ccounteCI for at tne conctuslon of tne assignment. 

Ctistoalan - The oerson resoonslole for rne custoav of samotes at a particular time. until custody 1s 
:ransierrea to anotner person (ana so aocumentedj, who tnen becomes custoaian. A SamDIe IS unaer 
;our c;stoay of: 

0 ‘i 15 In your actual possession. 
0 #t 15 in your view. after Delng In your Dnysical possession. 
l : was in your Dnysical Dossession ana then you lOCKed it UP to Drevent t.amPerlng. 
0 it IS In a aeslgnatea ana ldentlflea secure area. 

SamDIe - I samrxe IS Dnyslcar eviaence collected from a iaciiity or tt?e enwronment. wnich ‘s 
-eDresentatlve of conattlons at tne Dolnr and time tnat It was collected. 

- 

- 
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4.0 RESPONSIBILITIES 

-:eld (JoeratIons Leaoer - ?esponsloie for aetermlnlng tnat chain-Of-CUStOoy oroceoures are 
molementea UD to ana lnclualng release to the snlpper. 

?eld Samoters - Responsible for Inttiatlng the Chain-of-Custody Recora ana malntalning custody of 
samples until they are relinquished to another custodian, to the shipper. or to the common carper. 

qemearal Investlqatlon Leader - ;7esponslbie for determining that chain-of-custody procedures have 
oeen met by the sample shloper ana analytical laboratory. 

5.0 PROCEDURES 

5.1 OVERVIEW 

The term “chain-of-custoav” refers to oroceoures wnlch ensure tnat evidence oresentea In a court of 
‘aw IS wnat It is representea to be. The cnaln-of-custoay proceaures tracK the evlaence from tne time 
ana place it IS first ootainea to the courtroom and, seconaly, provide security for tne evlaence as It IS 
,movea ana/or passes f,rom tne custody of one lndividuai to another. 

Chain-of-custody procedures, recordkeeolng, and documentation are an imparrant part of the 
management control of samples. Regulatory agencies must be able to provtde the chain of 
possesslon and custody of any samples that are offerea for evidence, or that form the basis of 
anaiyucal test results introauced as evidence. Written procedures must be avaliable and followea 
whenever evidence samples are collectea, transferred, stored, analyzed. or aestroyed. 

5.2 SAMPLE IDENTIACATION 

-he metnoa of identlilcation of a samole oeoenas on the type of measurement or analysis 
oeriormea. When In-Situ measurements are maae. tne data are recoraea alrectly in oouna logoooKs 
gr otner rreld data recoras. wtrn taentriylng rniormatlon. 

5.2.1 Samole Label 

Samoles, other than tn-situ measurements, are removed and transported from tne samole location to 
a laboratory or otner location for analysis. before removal, however, a samole IS otien alvlded tnto 
oortions, aepenaing upon the analyses to oe periormea. Each oar-non IS preservea in accoraance 
Nlth tne Sampling Plan. Each samole container IS Identified by a samole label (see Attachment 5). 
Samole labels are oroviaed by the PMO. Tie InformatIon recorded on tne samole label Includes: 

0 Project: EPA Work Assignment Numoer (can oe obtalnea from tne Samollng ?Ian). 

0 Statlon LocatIon: -tie uniaue samoie numoer ldentliying this samule (can oe ootainea 
from tne Samollng Plan). 

0 Date: 3r six-aiatt numoer ‘nalcatlng the aay, rnontn, ana year of samole coilect!on: 
e.g., I 212 l/as. 

0 Time: A four-aiglt numaer Irolcatlng the 24.hour time of collectIon (for examole: (3954 1s 
9:54 a.m.. ana 1629 is 4:29 o.m ). 

a Medium: ‘Nater, SOII. sealmenr, sruage, waste, etc. 

1334901 
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l Concentration: The expected concentration (i.e., low, medium, high). 

l Sampie Type: Grab or composite. 

l Preservation: Type of preservation added and pH leveis. 

0 Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

l SampledBy: Printed name of the sampler. 

l Case Number: Case number assigned by the Sample Management Office. 

0 Traffic Report Number: Number obtalned from the traffic report labels. 

0 Remarks: Any pentnent aaditlonal Information. 

Using just the work assignment number of the sample label maIntarns the anonymity of sites. This 
may oe necessary, even to the extent of preventrng the laboratory performing analysis from knowing 
the identity of the site (e.g., if the laboratory IS part of an organrzation that has performed previous 
work on the site). 

5.2.2 Sample Identification Taq 

A Sample Identification Tag (Attacnment F) must also be used for samples collected for CLP (Contract 
Laboratory Program) anaiysis. The Sample ldentificatlon Tag is a w’ >, waterproof paper label, 
approximately 3-by-6 inches, with a rernforced eyelet, and stnrq or w or attachment to the neck 
of the sample bottle. The Sample Tag IS a controlled document, and .vlded by the regional EPA 
office. FolIowIng sampie analysis, the Sample Tag IS retalnea by the Id itory as evidence of sample 
recelot ana analysis. 

The iollowlng Information IS recorded on the tag: 

l Project Code: Work Assignment Number. 

l Station Number: The middle portion of the Station Location Numoer, (between the 
hypnens). 

l Month/Day/Year: Same as Date on Sample Label. 

l Time: Same as Time on Sample Label. 

l Designate - ComplGrab: Composite or grab sample. 

l Station Location: Same as Statron Locatlon on Sample Label. 

l Samplers: Same as Sampled By on Sample Label. 

l Preservative: Yes or No. 

l Analyses: Check aoproonate box(es) 

- 

.- 

- 
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l Remarks: Same as RemarKs on Samole Label (maKe sure tne Case Numoer ana Traffic 
Report numoers are recoraea). 

l Lab Sample Number: For laboratory use only. 

The tag IS tnen tred around the necK of the sample bottle. 

If the samble is to be spilt, it IS aliquorea Into slmiiar sample containers. ;dentlcai Information IS 
completea on the label attached to each solit. 

BlanK, duolicate, or field spike samples snail not be Identified as such on the iabel. as they may - 
comoromrse the auality control function. Sample olanKs, auplicates, spikes. and splits are aefinea In 
Proceaure SA-6.6. 

5.3 CHAIN-OF-CUSTODY PROCEDURE5 

After collectton. seoaration, Identiiicatron. and breservafion. rhe samule IS marntarned under 
chain-or-custoay proceaures untri it IS In tne custoay of the analytIcal laboratory and nas Deen storea 
or alsoosea of. 

5.3.1 Field Custodv Procedures 

0 Samples are collectea as described In the site-specific Sampling Plan. Care must be taken to 
record brecrsely the sampie locatlon and to ensure that the sampie numoer on the label 
matcnes the sample log sheet ana Chain-of-Custoay Record exactly. 

a -he person unaertaklng the actuai sampling In the fieid IS resDonsible for tr.e care ana 
C’JStOay of the samples collectea unftl they are orooeriy transferrea or alsoatcnea. 

a :/hen onotograpns are taken oi tne samollng as oart of the aocumentation oroceaure. tne 
-ame of the onotograpner, Gate. t.me. site location. and site aescnotlon are enterea 
seauentlally in me site logbooK as onotos are taken. Once aevelooea. :ne onotograpntc 
onnts snail be serially numberea. corresoonalng to the IogoooK descnptlons. 

l Sample labels snail be completea for eacn samoie, using waterproof ink unless bronrbltea 
3y Weatner conaltlons, e.g., a iogbook notatron wouid explain that a PenCli was usea to iii1 
out the sample iabel because a oalloolnt oen would not function In freetrng wearner. 

5.3.2 Transfer of Custody and Shipment 

Samoles are accompan!ea by a Chain-of-Custoay Recora form. Chain-of-Custody Recora forms used 
:n EPA Regions I-IV are shown in Attacnments A througn 0. The aoproprlate form shall be obtained 
from tne t?A Regional Office. ‘,Yhen transierrlng the oossesslon of samoies. me ‘naivlauais 
relinaulsning ana recelvlng WIII sign, date, ano note tne time on the Recora. 71s Recora aocuments 
Samole ctJsroCIy transier from the samoler, oiten tnrougn anotner person, to tne analyst In tre 
iaboratory The Charn-of-Custoay Record 1s filled out as foilows: 

a Inter neaaer lniormatlon (prolect number, samolers, and project name -- orojecr name can 
3e oofainea from tne Sampling ?lan). 

0 S.gn, cate, and enter rne time unaer ‘“elrnoulsneo by ’ entry. 

3334901 
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Enter station numaer (the statlon number IS the middle portion of the station iocatlon 
numoer, between the hyphensi. 

Check composite or grao sample. 

Enter station Iocatlon number (the same numoer as the station locatlon on the tag and 
label). 

Enter the total number of containers per statron number and the type of each bottle. 

Enter either the InorganIc traffic report number, the organic traffic report number, or the 
SAS number for each statlon number In the remarks column. 

Enter the tag number from the bottom of the sample identlficatton tag In the remarks 
Column for each Station location. 

Make sure that the oerson recelvlng the sample signs the “Received by” entry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Received by.” Receiving laboratory 
WIII sign “Recetvea for Laboratory oy” on the lower line ana enter the date ana time. 

Enter the bill-of-lading or Federal Express airbill number under “Remarks,” In the bottom 
right corner, If appropnate. 

Place the onginal (top, signed copy) of the Chain-of-Custody Record Form In the 
approonate sample shipping package. Retain the pink copy with field records. 

Sign and date the custody seal, a l- by J-inch white paper iabel with black lettenng and an 
adhesive backing. Attachment G is an example of a custody seal. The custoay seal IS part of 
the chain-of-custoay process ana IS used to prevent tampering with samoles atier they have 
been collected In the field. Custody seals are provlaed by ZPMO on an as-neeaea basis. 

place the seal across the shioplng container opening so that It would be oroken li the 
container IS opened. 

Complete other carrier-required shipping papers. 

The custody record IS completed using black wateroroof ink. Any corrections are maae oy drawing a 
ilne througn and Initialing and dating the change, then entering the correct Information. Erasures 
are not oermnted. 

Common carriers will usually not accent responslbliity for handling Chain-of-Custoay Record Forms; 
this necessitates oacking the record In the sample container (enciosed with other documentation In a 
plastic zip-lock bag). As long as custody forms are sealed inslde the sample container and the custoay 
seals are Intact. commerclai carriers are not requlrea to sign off on tne custody form. 

If sent by mail, the package WI/I be reglstered with return receipt reauested. !f sent by common 
earner or air frerght, proper aocumentatlon must be malntalneq. 

The laooratory representative who acceots the Incoming samale snloment signs and dates the 
Chain-of-Custody Recora, cornmetIng tne samote transfer process. ‘t IS then the laboratory’s 
resoonslolllty to maintain Internal logoooks ano custoay recoras tnrougnout samole oreoaratlon ana 
analysis. 

- 

.- 

- 

- 

- 

- 

- 
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5.3.3 Receiot for Samoles Form 

Whenever samoles are split with a pnvate pany or government agency, a separate Receipt for 
Sampies Record Form is prepared for those samples and marked to lnaicate with whom the samples 
are betng split. The person relinquishing the samples to the party or agency shall require the 
signature of a representative of the appropriate party acknowledging receipt of the samples. If a 
representative IS unavailable or refuses to sign, this is noted in the “Received by” space.. When 
approorlate. as in the case where the representative is unavailable, the custody record shall contain a 
statement that the samples were delivered to the designated location at the designated time. This 
form must be completed and a copy given to the owner, operator, or agent-In-charge even if the 
offer for split samples IS declined. The orlglnal is retained by the field Operations Leader. 

6.0 REFERENCES 

U.S. E?A, 1984. User’s Guide to the Contract Laboratory Program, Office of Emergency and Remeatal 
Response, Washington, D.C. 

7.0 AlTACH MENTS 

Attachment A - Chain-of-Custody Record Form for use in Region I 
Attachment 8 - Chain-of-Custody Record Form for use in Region II 
Attachment C - Chain-of-Custody Record Form for use in Region III 
Attachment 0 - Chain-of-Custody Record Form for use in Region IV 
Attachment E - Sample Label 
Attachment F - Sample Identification Tag 
Attachment G - Chain-of-Custody Seal 
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ATTACHMENT B 
CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION II 

(Original is 8 by 10-112) 

CHAIN OF CUSTODY RECORD 

q -dw..U.- 
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STATION LOCATION: 
DATE://- TIME: hrs. 

MEDIA: WA’IER a SOIL a SEDIMENT ad 
CONCENTRATION: LOW 0 ME0 0 HIGH 0: 
TYPE! GRABAFA cqMPosllEn 

PRESERVATION 

VOA cl BNA’a 0 Cool to 4-c cl 
PCE’S IJ PESllClDES Cl HN03 to pH <‘2 0 
METALS: TOTAL a DISSOLVEDa NAOH to pH>12 a 
CYANIDE 0 3 

ll I 

Sampied by 

Case No.: Traffic Report No.: 

Remarks: 
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1.0 PURPOSE 

This procedure provides lnstructron for sampte packaging and shipping rn accordance with 
U.S. Department of Transportation (DOT) regulatrons. 

2.0 SCOPE 

Samples collected at hazardous waste sites usuaily have to be transported elsewhere for analysis. This 
requires that the samples be appropriately preserved to prevent or minimize chemical alteration prior 
to anaiysls, and be transported to protect their integrity, as well as to protect against any detrimental 
effeas from leakage or breakage. Regulations for packaging, marking, labeling, and shippmg 
hazardous materials and wastes are promulgated by the U.S. Department of Transportation and 
desmbed in the Code of Federal Reguiations (49 CFR 171 through 177, in parttcular 172.402h, 
Packages Contarnrng Samples). In general. these reguiations were not Intended to cover shloment of 
samoles collectea at controlled or uncontrolled hataraous waste sites or samples collected dunng 
emergency resoonses. However, the EPA has agreed through a memorandum of agreement to 
package, mark, label, and ship samples observing DOT procedures. The information presented here IS 
for general guidance. 

This procedure IS applicable to all samples taken from uncontrolled hazardous substance sites for 
analysis at laboratories away from the site. 

3.0 GLOSSARY 

Carrier - A oerson or firm engaged in the transportation of passengers or property. 

Hazardous Matenal - A substance or maternal in a quantity and form which may pose an unreasonable 
risk to nealth ana safety or property when transoorted in commerce (“commerce” here to Include any 
:raffic or fransooKation). Defined ana regulated by DOT (49 CFR 173.2) and listed In Attacnment A of 
lhrs gulaeline. 

Hazaraous Waste - Any substance listed in 40 CFR SubpartD (~261.20 et seoi or otherwise 
charactenzea as Ignrtable, corrosrve, reacuve, or EP toxrc as specrfied under 4OCFR SubpanC 
(~261.20 et seq) that would be subject to manifest requirements specified In 40 CFR 262. Definea 
and regulated by EPA. 

Vlarklnq - Aoplying the descnptrve name, Instructron, cautions, weight, or specification marks or 
comblnafron thereof required to be placed outside containers of hazardous materials. 

n.o.r. - Not otherwlse indicated. 

n.o.s. - Not otherwise specified. 

ORM - Other regulated material 

Packaqtna - The assembly of one or more containers and any other components necessary t0 aSSure 
comolrance with the mrntmum pacKagrng requirements of 49CFR 174, inctudrng containers (other 
than frelgnt containers or overpacks), portable tanks, cargo tanks, tank cars, multiunlt tanK car tanks. 

Placara - Color-coded, plcronal sign aeorctlng the nazard class rymaol and name to oe mated on ali 
four slaes of a venicle transporting certain nazardous materials.. 

- 

- 

- 

- 

_- 

- 

- 

- 
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qeoonaole Quantrtv (RQ - A oarentnetrcal note of the form ‘fRQ-1000/454” fOlIOwIng an entry In 
me DOT ‘azaroous IMaterIals taole (49 CFR 172.101) indicates tne reoortable auantlty of the 
suostance in oounds ana K~iograms. If a solil of that amount or more of the substance occurs during 
:ranslt or storage, a report must be iiiea with DOT accoralng to ~171.15-15 concerning nazaraous 
natenals lnclaents repons. If the materlai soilled IS a hazaraous waste, a report must always be filed, 
regaraiess of the amount, and must include a CODY of the manliest. If the RQ notation aopears, It 
must be snown either lmmealately before or atier tne orooer snlpprng name on the snloplng paper 
(or manliest). Most snroplng paoers ana manifests WIII have a column desrgnatea “HM” wnich may 
be usea for fnts purpose. 

4.0 RESPONSIBILITIES 

‘ieid Ooeratlons Leader or Team Samoltna Leaaer - responsrble for determining that samples are 
orooeny oacKagea ana shiooea. 

Samolrna ?ersonnel - resoonsroie for imoremenrrng the OacKaglng ana ShlDDlnCJ reaulrements. 

5.0 PROCEDURES 

5.1 tNTRODUCTlON 

Samoles collected for snloment from a site shall be classified as either environmental or nazardous 
matenat (or waste) samples. In general, envlronmental samples are coilected off-site (for exampte 
from streams, ponds. or wells) and are not expected to be grossiy contaminated with high leveis of 
nazaraous materials. On-site samDies (for exampte, soil, water, ana materrals from arums or bulk 
storage lanKs. obviousiy contaminated oonas. lagoons, poois, and leacnates from hazaraous waste 
sites1 are conslaerea hazaraous. A dIstinctIon must be made between tne two types of sambles in 
oraer to: 

@ =etermrne aooroonate oroceaures for fransoonation of samoies. ’ :here IS any aoubt. a 
Samoie snail oe consiaerea hazaraous ana shiooea accoralngly. 

0 3cotect The nealth and safety of laboratory personnel recelvlng tne sampres. Special 
orecautrons are used at laboratones wnen samples orner than envlronmentai samples are 
‘eceived. 

5.2 ENVIRONMENTAL SAMPLES 

5.2.1 2ackaainq 

~nvlronmental Samples may be oackaged following the orocedures outlinea In Section 5.4 for 
samoles classrile as “flammaole Iiqulds” or ‘f’ammaole s011ds.” Requirements for marKIng, iabeiing, 
dna snloolng paoers a0 nor aoply. 

~nvtrOnVentai Samples may also be oacKeo wlthout being placea lnslae metal cans as reQuIrea ior 
‘lammaote llaulas or s011ds. 
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0 ‘lace samoie container, properiy Identified ana with a sealed lid, in a polyethylene oag, 
and seal the bag. 

0 Place samole tn a fiberboara container or metal picnic cooler wnich has been lined with a 
large polyethylene bag. 

0 Pack with enougn noncombustrble, absorbent, cushioning materials to minimrze the 
possibliity of the container breaKing. 

l Seal large oag. 

l Seal or close outslde container. 

5.2.2 Markinq Labelinq 

Sample containers must have a comoleted sample rdentlficatlon tag and the outside container must 
be marKea “Environmental Sample.” The appropriate side of the container must be marked “This 
End UP” ana arrows olacea aopropnately. No DOT marklng or iabeitng are required. 

5.2.3 Shippinq Papers 

No DOT shlpprng papers are required. However, the appropriate chain-of-custody forms must be 
included with the shtoment. 

5.2.4 Transportation 

There are no DOT resthctlons on mode of transportation. 

5.3 DETERMINATION OF SHIPPING CLASSIFICATION FOR HAZARDOUS MATERIAL SAMPLES 

Samples not determrned to be envrronmentai samples, Or samples known or expected to contain 
hazaroous matenais. must be considered hazardous matehal samples ana transponea according to 
the requirements Ilstea below. 

5.3.1 Known Substances 

If the sumtance In the samole IS known or can be Identified, pacKage, mark, label and ship accordtng 
to the soecific instructions for that materral (if it is listed) In rne DOT Hazardous MaterlaiS Table. 
49CFR 172.101. 

Unz ana Company have oublished the following steps to helo In iocating a orooer SnIPPIng name 
from tne nazaraous Materials Table, 49 CFR 172.101. 

1. Look first for tne cnemlcal or techntcai name of the material. for example, ethyl alcohol. 
Vote that many cnemlcals have more than one techmcal name, for example, 

perchloroethylene (not listed In 172.101) IS also called tetrachloroetnylene ilisted 172.101) 
‘t may oe useful to consult a cnemrst for ail oossIbIe tecnntcal names a matehal can have. If 
{our matenat IS not lIsted by Its tecnnlcal name tnen. 

- 

- 

- 

- 

- 

- 

- 
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2. -00~ for the cnemlcai family name. For examole, pentyl alconol IS not listed but the 
cnemlcai famliy name IS: aicohol, n.o.s. (not otherwise specifies). If the cnemlcal family 
Tame IS not listed then. 

3. Look for a generic name oasea on end use. For examole, Paint, n.0.s or Fireworks, n.0.s. If 
a generic name basea on end use IS not listed then. 

d Look for a genertc family name based on end use, for example, drugs, n.0.s. or cosmettcs, 
n.o.s. Finally, If your materrai is not listed by a genenc family name but you suspect or 
know the matenal is hazardous because it meets the aefinition of one or more hazardous 
classes, then. 

5. YOU wail have to go the the general hazara class for a Proper shIPPIng name. Fair example. 
‘lammaoie Liquid, n.o.s, or Oxidizer, n.o.s. 

5.3.2 Unknown Substances 

For samotes of hazaraous substances of unknown content, seiect ?he aopropriate transpoflatlon 
category according to the DOT Hazardous Materlais Classrfication (Attacnment A), a priority system of 
transoortatlon categories. 

The correct shipprng classliicatlon for an unknown sample IS selected through a Process of 
elimlnatlon, utilizing Attachment A. Unless known or demonstrated otherwise (through the use of 
raaiation survey instruments), the sample IS considered raaioactlve and appropriate shipping 
regulations for “radloactlve materlai” followea. 

If a radioactive materral is eliminated, the sample is considered to contain “Poison A” materials 
(Attacnment B), tne next classification on the list. DOT defines “‘Poison A” as extremely dangerous 
oolsonous gases or IIQUI~S of sucn a nature that a very small amount of gas, or vaoor of the Iiqulas, 
mlxea wltn air IS aangerous to Ilie. Most Poison A materials are gases or compresses gases and would 
?ot be iouna in arum-type containers. iIqula Poison A would be iouna only In closea containers: 
nowever.all samotes taken from closed drums ao not have to be snlpoea as Porson A, wnlcn proviaes 
for a ’ .vorst case” situation. aaseo uoon Information avallabie, a judgment must be made whetner a 
SamDIe irom a closea container IS a Poison A 

‘f Poison A IS eltmlnated as a snioment category, the next two classifications are “flammaole” or 
“nonriammaple” gases. Since few gas samoles are collectea, “‘lammable I~quid” ,tiould be tne next 
appllcaole category. ‘Nith the ellmlnatlon of radIoactive material. Poison A, flammaole gas, and 
noniiammaole gas, the sample can be clasgiied as flammaole llauld (or solid) ana shlppea 
accoralngty. ‘hese orocedures would also suffice for shlpplng any other samples ciassified below 
flammaoie rloulds In the DOT classlficatlon table (Attachment A). For samples containing unknown 
natenals, categories ilsted below flammaole Itqulas/sollds on Attacnment A are generally not usea 
oecause snowing that these materials are not flammable llqulas (or soiids) requires flashoolnt testing, 
Nnicn may be Imoractlcal and aoss~oly dangerous at a site. -‘“us, uniess the samoie IS known to 
consist of materials Irstea as less nazaraous than flammable liaula (or solid) on Attacnment A, It s 
conslaereo a flammaple liaula (or solld) ana shloped as sucn. 

‘or any nazaraous matehal snlbment. utrlize tne sntoplng cneckllst (Attacnment C) as a guIdelIne to 
ensure tnat all samoie-nanaltng reaulrements are satisfieq. 

I _...“^. 
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5.4 PACKAGING AND SHlPPlNG OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID) 

5.4.1 Packaqinq 

Aoptylng the word “flammable” to a sample does not Imply that It IS in fact fiammaole. The word 
prescrloes the class of packaglng according to DOT regulations. 

i. Collect sample in the prescribed conta[ner wrth a nonmetallic, Teflon-lInea screw cap. To 
prevent leakage, fill container no more than 90 percent full. 

2. Complete sample label and sample ldentlficatton tag and attach securely to sampie 
container. 

3. Seal container and place In 2-mti thick (or thicker) polyethylene bag, one sample per bag. 
Positron sample ldentlficatlon tag so that It can oe read through bag. Seal bag. 

J Place sealed bag InsIde metal can ana cushion It with enough noncomoustlble. absorbent 
matehal (for example, vermrculite or alatomaceous earth) between the bottom and sides 
of the can and bag to urevent breakage and absorb leakage. Pack one bag per can. Use 
clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark 
can as indicated in Paragrapn 1 of Sectjon 5.4.2, below. 

5. Place one or more metal cans (or single l-gallon bottle) into a strong outside contarner, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with 
noncombusttble. absorbent cushioning materials for stability during transport. Mark 
container as indicated in Paragraph 2 of Sectton 5.4.2. 

5.4.2 MarkinqlLabelinq 

’ Jse aobrevratrons only wnere soeclfieq. llace the followrng Informarlon, either nana- 
orinted or In iaDel form, on the metal can (or 1 -gallon aottle): 

0 Laboratory name and adaress. 

l “Flammable Liquid, n.o.s. uNl993” or “FlammapleSolid, n.o.s. UN1325.” 

Vat ofnerwise soeclfied (n.0.s) IS not used If the flammable llqura (or solid) IS laentlfled. Then tne 
name of the specific material is listea before tne category (for example, Acetone, F!ammaale Llaulo), 
iollowea by Its appropriate UN number found In the DOT Hazaraous Materials table (49 CFR 172.101). 

2. Place all informatron on outsloe snipping container as on can (or bottle), speclfically: 

0 Proper ShloDlng name. 
l C N or NA numoer. 
0 Proper label(s). 
l Addressee ana sender. 

Place the foilowing labels on the outside shipping container: “Cargo Aircraft Only” and 
“Flammaoie Llauia” (or “Flammaoie Solid”). “Dangerous When Wet” label snail be USeo If 
:he soild has not been exposeo to a wet envrronment. “Laboratory Samotes” and “T’-;!S 
SiDE UP” or ‘WIS END UP” shall also oe marked on tne too of the outsiae container. ar.o 
,pwara-Dointtng arrows snarl be placeo on arl four slaes of the container. 

-- 

_- 

-_ 

-- 

..- 

-- 

-- 

_- 

- 

- 

- 

._- 

- 

- 

- 

- 

- 
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5.4.3 Shippinq Pabers 

: ‘Use abbreviations only where specliied. Comolete the earner-provided bill of iadrng and 
sign cenlficatton statement rlf earner does not orovlde, use stanaara Inaustry form, see 
Attachment 0). Provlae the folIowIng InformatIon In the Order listed (one form may oe 
used for more than one extenor container). 

0 “Flammable Liquid, n.o.s. LJN1993” or “Flammable Solid, n.o.r. UN1325.” 

l “Limltea Quantity” (or “Ltd. Qty.“). 

0 “Cargo Aircraft Only.” 

0 Net welgnt (wt) or net volume (voib, just before or just after ‘Flammaole Llquld, n.0.s.” 
or ‘F!ammable Solid, n.0.s.; by Item, pi more tnan one metal can Is inslae an extenor 
container. 

l “laboratory Samoles” (if apptlcable). 

2. !nclude Chain-of-Custody Recora, properly executed In outside container. 

3. “Limited Quantlty” of “Flammable Liquid, n.0.s.” is limited to one pint oer Inner container. 
For “Flammable Soiid, n.o.s.,” net weight of inner container PIUS samole snail not exceed 
one pound; total pawage weight shall not exceed 25 pounds. 

5.4.4 Transportation 

‘ransoon unKnown nazaraous substance sampies crassiiiea as flammable llaulas oy rented 
or common earner frucK, railroaq. or express overntgnt oackage serwces. 30 not fransoon 
oy any oassenger-carrytng air transport system, even of they nave cargo-oniv ‘slrcrati. DOT 
-egulations oermlt regular airline cargo-only alrcrati, but alfficulries wltn most suggest 
avolalng them. !rsteaa. ShiD oy airline carriers tnat only carry cargo. 

2. For transoort oy government-owned venicie, lncludlng aircraft. DOT regulauons ao not 
aoply. However, procedures oescnoed aoove, with the exceptlon of execurlon of the bill of 
ading wlrh cercificatlon, snail st111 be usea. 

6.0 REFERENCES 

d.S. DeoaKment of Transbortatlon, 1983. Hazardous Matenais Regulations, 49 CRF 17 l-1 77 

NUS Stanaara Ooerating Proceaure SA-6.1 - Samore Identlficatron ana Chain-of-Custoay 

NUS Stanaara Operating Proceaure SA-i 2 - Sample Preservation 

NUS Stanaard Ooeratlng Proceaure SF-i 5 - Compatlbllity Testing 
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Attacnment A - DOT Hazardous Matenai Classification (49 CFR 173.2) 
Attacnment B - DOT List of Class “A” Poisons (49 CFR 172.10 1) 
Attachment C - Hazaraous Materials Shipptng Checklist 
Attachment D - Stanaard Industry Certification Form 

- 

I 7.0 AmACHMENTS 

- 

- 

- 

- 
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I AllACHMENT A I 

1. 

2. 

3. 

4. 

5. 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

DOT HAZARDOUS MATERIAL CLASSlFKATlON (49 CFR 173.2) 

Radioacttve material (except a limited quantity) 

Poison A 

Flammable gas 

Nonflammable gas 

Flammable liquid 

Oxidizer 

Flammaole Solid 

Corrosive matenal (liquid) 

Poison 8 

Corrosive material (solid) 

Irritating material 

Combusttble liquid (in containers having capacities exceeding 110 gallons [416 liters)) 

ORM-8 

ORM-A 

Combustible IIQUI~ (in contatners having capacitIesof 110 gallons (416 liters] or less) 

ORM-E 
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AlTACHMENT B 

DOT LIST OF CLASS “A” POISON (49 CFR 172.101) 

f 

Physical State at 
Materral Standard 

Temperature 
I 

Arsl ne Gas 

Bromoacetone Liqurd 

Chloroplcrin and methyl chlonde mixture Gas 

Chloroprcnn and nonflammable,nonliquefied 
compressed gas mixture 

Gas 

Cyanogen chloride Gas(>13.1°C) 

Cyanogen gas Gas 

Gas identrficatlon set Gas 

Gelatin dynamite (H. E. Germalne) ---- 

Grenade (with Poison “A” gas charge) e- 

Hexaethyl tetraphosphatekompressed gas mixture Gas 
1 

Hydrocyanrc (prussrc) acid solution Liquid 

Hydrocyanlc acid, liaueiiea Gas 

lnsecttcrde (liquefied) gas contarnlng Porson “A” or Gas 
Poison “B” matenal 

, 
Methyldichloroarslne Liquid 

Nitrrc oxide Gas 

Nitrogen peroxide Gas 

Nitrogen tetroxlde Gas 

Nitrogen dioxrde, liqurd Gas 
t 

Parathion/compressed gas mixture Gas 

Phosgene (a~phosgene) Liquid 
, 

- 

- 
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ATTACHMENT C 

HAZARDOUS MATERIALS SHIPPING CHECKLIST 

PACKAGING 

1. Check DOT 172.500 table for appropriate type of package for hazardous substance. 
2. Check for container integrity, especially the closure. 
3. Check for sufficient absorbent material in package. 
4. Check for sample tags and log sheets for each sample, and chain-of-custody record. 

SHIPPING PAPERS 

1. Check that entries contain only approved DOT abbrevlatlons. 
2. Check that entries are In English. 
3. Check that hazardous maternal entries are spectally marked to differentlate them from any 

nonhazardous materials being sent using same shipping paper. 
4. aecareful all hazardous classes are shown for multiclass materials. 
5. Check total amounts by weight, quantity, or other measures used. 
6. Check that any limited-quantity exemptions are so designated on the shipping paper. 
7. Offer driver proper placards for transporting vehicle. 
8. Check that certification IS signed by shipper. 
9. Make certain driver signs for shipment. 

RCRA MANIFEST 

1 Check that approvea state/federal manifests are prepared. 
2. Check that transporter nas the following: valid EPA Identification number, ,/slid dnver’s 

Ilcense, valid venlcle registration. insurance protectlon, and proper DOT labels for materiais 
being shrpped. 

3. Check that destination address IS correct. 
4. Check that driver knows wnere shipment IS going. 
5. Check that the driver IS aware of emergency procedures for spoils and accidents. 
6. Vake certain driver signs for shipment 
7. Vlake certain one copy of executed manliest and shipplng document IS retalnea by shipper. 
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STANDARD INDUSTRY CERTlFlCATlON FORM 

- 

- 

.- 

- 

- 

- 

.- 
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I 1.0 PURPOSE 

I This Proceaure OescrtDes tne Drocess for keeping a Site logDook 

I 2.0 SCOPE 

The site IO~DOOK IS a controlled aocument wmch records all major on-site actlvltles dunng a Remedial 
tnvesttgatlon/Feaslbllity Study. At a mrnlmum, the following activ!tieYevents snail be recorded in the 
site ~OCJDOOK: 

0 Arrrvai/deDarture of site visitors 
0 ArnvaVdeoarture of eaulDment 
0 SamDIe DIC~UD (cnain-of-custoay form numbers, carrier, time) 
0 Samoilng activltievsamDle logsneet numDers 
0 Start or comDletlon of Dorenole/trench/monltoring well installation or samoling activities 
0 tieatth and Safety issues 

The site IogDook is initiated at the start of the first on-site activity (e.g., lnltial reconnaissance survey). 
Entrres are made for every aay that on-site actlvltles take place which involve RI/FS contractor 
personnel. One current sate logbook is malntalnea per site. 

The site logbook becomes par-t of the oermanent site file maintained in the RI contractor’s office. 
Because information contalned In the site togoook may be admitted as evidence In cost recovery or 
other legai proceedings, it is critical that this document De properly maintaIned. 

I 3.0 GLOSSARY 

Site LoaDook - The logoook IS a Douna noteoook wltn consecutively numbered pages tnat cannot De 
removea. JDon entry of data, tne IOCJDOOK reauires signature oyf tne WSDOnSlDle Site leaaer (see 
Section 5. ! 1 

I 4.0 RESPONSIBILITIES 

The site logbook IS Issued by tne Regional Manager (or his designee) to tne Site Manager for the 
auration of the project. The Site Manager releases the site iOgDOOk to the Field ODerations Leaaer or 
other Derson responsibie for tne direction of on-site activltles (e.g., ReCDnnaiSSanCe Survey Team 
Leader, Samoiing Team Leader]. It IS the responslblllty of this person (or his designee) to keep the site 
logbook current while in his possession, and return It to the Site Manager or turn It over to another 
field team. Following the comroletion of all fieldwork, the site logbooK IS returned to the Site 
Manager for inclusion In the permanent site files. 

I 
5.0 PROCEDURES 

I 5.1 GENERAL 

The cover Of each Site IOgDDOK contains the fOilOWIng InfOr~atlOn: 

0 Project Name 
0 NUS Prolect Number 
0 RVFS Contractor and Site Manager’s Name 
0 Seauentlal Book Numoer 

- 

- 

.^ 

- 

- 
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l Start Date 
l End Date 

Daily entrIeS Into the iogoook may contain a variety of Iniormatron. At the beglnnlng of eacn day tne 
followlng InformatIon must be recoraea: 

l Date 
0 StarttIme 
l Weather 
0 All field personnel present 
0 Any vlsltors oresent 

During the day, a summary of all site activities and level of personal protectlon snail be recorded In 
the logoook. The tniormatlon need not duplicate that recorded In other field notebooks (e.g., 
samole logbook, Site Geologist’s notebook. Health and Safety Officer’s notebooK, etc.), but shall 
summanze the contents of these other notebooKs ana refer to tne page loCatlOnS In these noteoooKs 
for detalied Informatron. An examole of a site logbook page IS shown In Attacnment A. 

The sample logsheet for each samole collected (see ProcedureSA-6.6) must be refereincea. If 
measurements are made at any location, the measurements and equipment used must lefther be 
recorded in the site logbook or reference must be made to the notebook and page number(s) on 
which they are recorded (see Attachment A). 

All entnes shall be made in black pen. No erasures are permitted. If an Incorrect entry IS made, the 
data shall be crossed out with a single stnke mark, and initialed and dated. At the completion of 
entnes by any individual, the logbooK must be signed. It must also be slgned by tne Field Operations 
Leader or responsible site leader at the end of each day. 

5.2 PHOTOGRAPHS 

When mowes, slides, or pnotograpns are taken of a site or any monitoring Iocatlon, tney are 
numbered to correspond to logbook entnes. The name of the photograpner, date, time, site 
locatlon, site description, and weather conditions are entered in the logbook as tne photographs are 
taken. A senes entry may be used for raoid-sequence photographs. The pnotographer IS not 
required to record the aperture settings and shutter speeds for photographs taken wlthtn the normal 
automattc exposure range. However, special lenses, films, filters, and other Image-enhancement 
technraues must be noted in the logbook. If possible, such techniques shall be avolded, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend 
upon the subject matter, type of film, and the processing It requires. Film used for aerial 
photography, confidenttal informatlon, or criminal Investigation require chain-of-custody 
procedures. Adequate logbook notation and receipts may be used to account for .routlne film 
processing. Once processed, the slides of photographic prints shall be serially numbered and labeled 
according to the logoook descnptlons. 

6.0 REFERENCES 

None. 

7.0 AlTACHMENTS 

Attacnment A - Typical Site Logoook Entry 
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ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

STARTTIME: DATE: 

SITE LEADER: 
PERSONNEL: 

NUS DRILLER EPA 

WEATHER: Clear, 68’F, 2-5 mph wind from SE 

ACTIVITIES: 
1. Steam jenney and fire noses were set up. 

2. Drilling activities at well resumes. Rig geologist was 
See Geologist’s Notebook, No. 1, page 29-30, for details ot drilling activity. Sample 
No. 123-21-54 collected; see sample logbook, page42. Drilling activities completed at 11:50 
and a 4 inch stainless steel well installed. See Geologist’s Notebook, No. 1, page 31, and well 
constructron details for well 

3. Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 

4. Well drilled. Rig geologrst was See 
Geologist’s Notebook, No. 2, page tor details ot arilling activities. Sample 
numbers 123-22-51, i 23-22-52, and 123-22-53 collected; see sample logbook, pages43, 44, 

and 45. 

5. Well was developed. Seven 55-gallon drums were filled In the flushing stage. The 
well was tnen pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was “sand free.” 

6. 

7. 

EPA remedial project manger arrives on-site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up over 
test pit 

8. Test pit dug with cuttings placed in dump truck. Rig geologist was 
See Geologist’s Notebook, No. 1, page 32, for details of test 

pit acnvltres. Test pit suosequently filled. No samples taken for chemical analysis. Due to 

shallow groundwater table, filling in of test pit resulted in a very soft and wet area. A 
mound was aeveloped and the area roped off. 

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 17: 50 hours. 
Site activities termtnated at 18:22 hours. All personnel offsite, gate locked. 

Field Operations Leader 

- 

- 

- 

- 

- 

- 

-_ 

- 

- 

- 
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1.0 PURPOSE 

This procedure describes the appropriate containers to be used for samples deoending on the 
analyses to be performed, and the steps necessary to preserve the samples wnen shipped offsite for 
chemrcai analysis. 

2.0 SCOPE 

Different types of chemicals react differently with sampie containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals 
may dissolve various types of plastic containers. It is therefore critical to select the correct container in 
order to maintam the quality of the sample prior to analysis. 

Many water and soil samples are unstable, and therefore require preservatron when the ttme interval 
between iieid coiiectton and laboratory analysis IS long enough to produce changes in enher the 
concentratron or the physlcal condition of the constrtuent(s) requiring analysis. While complete and 
Irreversible preservatron of samples IS not possible, preservation does retard the chemtcal and 
blologrcal changes that inevitably take piace after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeration/ 
freezing. Their purpose is to (1) retard biological activity, (2) retard hydrolysis of chemical 
compounds/complexes, (3) reduce constituent volattiity, and (4) reduce adsorptlon effects. 

3.0 GLOSSARY 

HCt - Hydrochlorrc Acid 
H2SOo- Sulfuric Acid 
HNO3 - Nitric Acid 
NaOH - Sodium Hydroxide 

Normaiitv (N) - Concentratton of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing one gram-atom of replaceable hydrogen or Its eaulvalent. Thus. a 
one molar solution of HCI, containing one gram-atom of H, is “one-normal,” ahlIe a one molar 
solution of HzSOa containing two gram-atoms of H, is “two-normal.” 

4.0 RESPONSIBILITIES 

Field Ooeratlons Leader - retains overall responslbiiity for the proper storage and preservation of 
samples. During the actual collection of samples, the sampling technician(s) wail be directly 
responsible for the bottling, preservation, labeling, and custody of the samples they collect until 
released to another party for storage or transport to the analytical laboratory. 

5.0 PROCEDURES 

5.1 SAMPLE CONTAINERS 

For most samples and analytical parameters either glass or plastic containers are satisfactory. ln 
general, if the analyte(s) to be determlned IS organic In nature, the container shall be made of @ass. 
If the analy-te(s) is inorganic, then the container shall be plastic. Since container SpeClfiCatlOn Wlli 
aeoena on the analyte and sample matrix types (as indicated in Attachment A) duplicate samples 
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in me 
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oark (to mtnlmlZe oroiogrcar or pnotooxraatlon/photolysis breakdown of constituent) until they reach 
rhe analytrcal laboratory. The sample container shall allow approxrmately 5-10 percent air space 
,“ullage ‘) to allow for expanston/vaoonzatlon If the sample is heated during transport (1 liter of 
,vater at 4°C exoanas by 15 ml If heated to 13O”F/55”C), however, heaa space for volatile orgamc 

analyses snail be omrttea. 

For CLP laboratones, contarners WIII be ootained through the CLP Sample Management Office. For 
Responslbie pany acttons or non-CLP laboratories, the laboratory shall provide containers that have 
Seen cleaned accoraing to U.S. EPA procedures. Sufficient lead time shall be allowed. ShippIng 
contarners for samoies, consisting of sturdy Ice chests, are provided by the laboratory of the remedial 
nvestlgatlon contractor. 

Once ooenea, the container must be used at once for storage of a panlcular sampie. Unused but 
openea containers are to be considered contaminated and must be discarded: because of the 
ootentlar for IntroauctIon of contamtnatlon, they cannot be reclosed and saved for later use. 
LIkewIse, any unusea containers wnich aopear contaminated uoon recetpt, or which are founa to 
nave loose caps or mlsslng Teflon liner (If redulred for the container) shall be alscaraea. 

General sample container and sample voiume requirements are listed in Attacnment A. Specific 
container requirements are listea in Attacnment B. 

5.2 PRESERVATION TECHNIQUES 

The preservation techniques to be used for various analytes are listed in AttachmentsA and 8. 
Reagents required for sample preservation WIII either be added to the sample containers by the 
laboratory prior to their shipment to the Field or added in the Field. In general, aaueous samples of 
low concentration orgamcs (or sari samples of low or medium concentratton organics) are cooled to 
4°C. ‘Jedium concentration aqueous samples and high hazard organlcs sample are not preserved. 
Low concentration aaueous samples for metals are acidified wrth HN03, wnile mearum concentration 
sna hlgn hazara aaueous metal samoles are not preserved. Low or meaium concentration soli 
samores for metals are cootea to 4°C while high hazard sampies are not preservea. 

The foilowing suosectlons describe the procedures for preparing and adding cnemical preservatives. 
4ttacnments A ana B lnalcate the specific analytes which require these preservatives. 

5.2.1 Addition of Acid (HT=~, HCI, or HNO?) or Base 

Addition of the following acids or bases may be specified for sample preservation; these reagents 
shall be analytlcal reagent (AR) graae ana shall be diluted to the required concentration with douole- 
aistlllea, deionized water In the laboratory, oefore Field sampling commences: 
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Amount for 
Acid Base Concentration Normality 

Acidification’ 

HCI 1: 1 dilutton of concentrated HCI 6N S-10 ml 

H2SOa 1: 1 dilution of concentrated HzSOa 18N 2-5 ml 
L 

HNO3 Undiluted concentrated HNO3 16N 2-5 ml 

NaOH 400 grams solid NaOH in 870 ml water 10N 2 ml** 

l Amount of acid to add (at the specified strength) per liter of water to reduce the sample 
pH to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and 
aoes not contain particulate matter. 

** To raise pH of 1 liter of water to 12. 

The approxtmate voiumes needed to acidify one iiter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown In the last column of the above table. These volumes are only approximate; 
If the water IS more alkaline, contains InorganIc or. organic buffers, or contains suspended panicles, 
more acid may be required. The final pH must be checked using narrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

0 Check initial pH of sample with wide range (O-14) pH paper. 

0 Fill sample bottle to within 5-10 ml of final desired volume and add about l/2 of estimated 
acid or base required, stir gently and check pH with medium range pH paper (pH O-6 or 
pH 7.5-l 4, respectively). 

0 Add acid or Dase a few droos at a time whrle sttrring gently. Check for final pH using 
qarrow range (O-2.5 or 1 l-l 3, respectively) pti paper; when desired PH IS reached, cao 
sample bottle and seal. 

Never dip pti paper into the sample; apply a drop of sample to the pH paper using the 
stlrring rod. 

5.2.2 Cvanide Preservation 

Pre-samole oreservatlon IS required if oxlditing agents such as chlorine are suspected to be Present. 
To test for oxidizing agents, place a drop of the sample on KI-starch paper; a blue color indicates the 
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a arop of Sample 
produces no color on the Ki-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter 
of samole volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.1. If 
oxldizlng agents are not suspected, add NaOH as directed. 

5.2.3 Sulfide Preservation 

Samoles for sulfide analysis must be preserved by addition of ddrops (0.2 ml) of 2N tlnc acetate 
solution oer lOOmI sample. The sample pH IS then raised to 9 using NaOH. The 2N zinc acetate 
so1ution IS made by drssolwng 220 g of zinc acetate In 870 ml of distilled water to make 1 liter of 
soIutlon. 
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5.2.4 Preservattqn of Orqantc Samoies Containinq Residual Chlorine 

Some organic samples contalntng reslduai chlorine must be treated to remove this cnlorine upon 
collectlon (See Attacnment A). Test the samoles for residual chlonne using EPA metnoas 330.4 or 
330.5 (Field Test Kits are available for this purpose). If resraual chlonne IS oresent, aad 0.008% soaium 
thiosuifate (80 mg per titer of sample). 

5.2.5 Field Filtration 

When the objective IS to determrne concentration of dissolved Inorganic constituents in a water 
system, the sample must be fiiterea througn a non-metallic 0.45 mrcron membrane filter immediately 
after collection. A filtration system IS recommended if large quantities of samples must be filtered In 
the field. The filtration system snail consist of a Biichner funnel inserred into a single-nole ruober 
stooper, sited to form a seai wnen Inserted Into the too of a vacuum filter flask eauipped with a 
single slae arm. rieavy-wall Tygon tuplng snail be attache0 to the srngle sloe arm of the vlacuum filter 
flask ana the suction oort of a vacuum oumo. The stem of the Buchner funnel shall extena beiow the 
levei of the slae arm of the vacuum filter flask to prevent any soivent from entering the tubing 
leaaing to the vacuum puma. aefore iiltratlon, the filter paper, wnlch snail be of a size to lay fiat on 
the funnel plate. snail be wetted with the solvent in order to “seal” it to the funnel. Slowly pour the 
solvent into the funnel ana monitor the amount of solvent entering the vacuum filter flask. When 
the rate of solvent entering the flask is reduced to intermittent dripping ana the added aiiquot of 
solvent in the funnel has passed through the filter, the used filter paper shall be replacea with new 
filter paper. ‘f the solvent contains a high percentage of suspended sollds, a c:oarser-sized 
nonmetallic membrane filter may be usea pnor to usage of the 0.45mlcron membrane filter. This 
“prefiitenng” steo may be necessary to expedite the filtration procedure. Discara the first 20 to 50 ml 
of filtrate from eacn sample to rinse the filter and filtration aoparatus to minimize the risk of altering 
the comoosition of the samoles my the filtering operation. For analysis of dissolvea metals, the filtrate 
IS collected In a sultable oottle (see Section 5.1) and is immealately aciaifiea to otl 2.0 or less with 
nltrlc acid wnose ounty IS consistent with the measurement to be maae. 9Orgi3nlC anionic 
constituents may oe aetermlnea using a portIon of the flitrate tnat has not been aclaliiea. 

Samoles used for aetermlning temoerature, dissolved oxygen, Eh, ana OH should not be ,illterea. 30 
not use vacuum filtertng prior to aetermlnlng carbonate ana bicarbonate concentration oecause It 
removes aissolvea caroon aloxide and exposes the sampie to the atmosonere. ?ressure filtration can 
be aone using water oressure from the well. If gas pressure IS reaulrea. use an Inert gas sucn as argon 
or nitrogen. 

30 not filter samoles for analysis of voiatlle organrc compounds. If samples are to De iiiterea for 
analyzing other aissolvea organic constituents, use a glass-fiber or metal-memorane filter ana collect 
t.he samoles in a suitable container (see Sectlon 5.1). Because most organic analyses requtre extraction 
of the entire samole, ao not discard any of it. After filtering, the memorane contalning tne 
suspenaed fractron can be sealed In a glass container and analyzea separately as soon as Dractlcable. 
Total recoveraole Inorgantc constituents may oe determrneq using a secona, Llnfiiterea samme 
coilectea at the same ttme as the SamDIe for dlssolveq constituents. 
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6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA, Washington, D.C. 

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act.” Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-79-020. U.S. EPA- 
EMSL, Cincinnati, Ohio. 

7.0 AllACHMENTS 

Attachment A - General Sample Container and Preservation Requrrements CERCWRCRA Samples 

Attachment 8 - Required Containers, Preservation Techniques, and Holding Times (3 sheets) 
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See Attachment B. 
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1 .o OBJECTlVE 

To establish orocedures for tne use, maintenance, ana callbratlon of the OVA 128 Vapor Analyzer. 

2.0 SCOPE 

Applies to each usage of the OVA Instrument in tmplementatlon of the NUS/EMG Program 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Office Health and Safety Suoervrsor (OHSS) - The OHSS shall Insure that the user nas been 
appropnately tralned ano cenrfiea In the usage of the OVA. He shall also Insure that the Instrument 
IS properly maintained ana calibrated prior to Its release for field service. 

Instrument User - The user should be personally secure that he or she has been adequately trained, 
understands the operation of the OVA, and limitations of the Instrument. He or she should also be 
sure that the instrument has been calibrated and is working properly. 

5.0 PROCEDURES 

5.1 PRINCIPLE OF OPERATION 
I 

The OVA operates in two different modes. In the survey mode, It can determine the approximate 
concentratron of all detectable species in air. With the gas cnromatograph optron, Individual 
components can be detected and measured independently, with some detection limits as low as a few 
parts per billion. 

5.2 GAS CHROMATOGRAPH FUNCTION 
I 

In the Gas Chromatograph (CC) mode, a small sample of ambient air is injected into a 

chromatograpmc column and carried through the column by a stream of hydrogen gas. 
Contamrnants with different chemical structures are retained on the column for different lengths of 
time (known as retention times) and, hence, are detected separately by the flame ionization detector. 
A strrp chart recorder can be used to record the retention times, which are then compared to the 
retention trmes of a standard with known chemical constituents. The sample can be injected into the 
column either from the air-sampling hose or directly from a gas-tight syringe. 

5.3 CALIBRATION 

The OVA is internally calibrated to methane by the manufacturer. When measunng methane, It 
indicates the true concentration. In response to all other detectable compounds, however, the 
instrument reading may be higher or lower than the true concentration. Relative response ratios for 
substances other than methane are available. To interpret the readout correctly, it is necessary either 
to make callbratlon charts relating the instrument readings to the true concentrations or to adjust the 
instrument, so that it reads correctly. This second procedure IS done by turning the 1 O-turn, gas-select 
knob, which adjusts the response of the instrument. The knob is normally set at 300 when calibrated 

- 

- 

- 

_- 

-- 

__ _-_ 
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to metnane. Seconaary callbratlon to anotner gas IS aone my samollng a known concentration of tne 
gas ano ao!ustlng tne gas-select knoo. until the Instrument reaalng equals the true concentration 

5.4 LIMITATIONS 

The OVA has an Inherent IImitatIon In that it can detect only organic molecules. Also, It snould not be 
used at temoeratures lower than aoout 40°F. because gases conaense In the oumo ana column. It nas 
no temoerature control and, since retention times vary witn ambient temperatures for a given 
column, aosolute determinatrons of contaminants are difficult. DeSDlte these Ilmitatrons, tne GC 
mode can otien orovlae tentative information on the laentlty of Contaminants In arr wltnout relying 
on costly, time-consuming iaboratory analysis. 

5.5 CAUTIONS 

The Instrument can monitor only certain vaoors and gases In air. Many nonvolatile Ilaulas, TOXIC 
soilas, partlculates, ana otner toxic gases ana vaoors cannot be detected. Because tne tyoes of 
compounas that the OVA can ootentially detect are only a iractlon of the cnemlcals DOSSIDI~~ Dresent 
at an Incloent, a zero reaaing aoes not necessarily signify the aDsence of air contaminants. 

The Instrument IS nonspecific, and its response to different compounas IS relative to the calibration 
setting. instrument readings may be higher or lower than the true concentrations. These 
discrepancies can be especially serious problems when monitoring for total contamrnant 
concentrations. if several different compounds are being detected at once. In addition, me response 
of thrs instrument IS not linear over the entire detectron range. Care must, therefore. be talken when 
interpreting tne data. All identifications should be reported as tentative until they can be confirmed 
by more precise analysis. Concentrations should be reported In terms of the calibration gas and span 
potentiometer or gas-select knoo setting. 

This instrument cannot oe used as an Indicator for comoustiole gases or oxygen aeilclency. 

6.0 REFERENCES 

Century Systems (Foxboro). Service Procedures: Organic Vaoor Analyzer; l28GC. 

7.0 ATTACHMENTS 

Attachment A - Start-up and Shutdown Procedures (2 Sheets) 
Attachment B - Maintenance and Calibration Schedule 
Attacnment C - Calibration Procedure (2 Sheets) 
Attachment D - Pump System Checkout 
Attachment E - Burner Chamber Cleanrng 
Attachment F - Quad Ring Service 
Attachment G - Troublesnootlng (2 Sheets) 
Attacnment H - Shipping 
Attachment I - D.O.T. Exemption Permit (2 Sheets) 
Attacnment J - D.O.T. Exemption Permit Extension 
Attacnment K - Hydrogen Recnarglng 
Attacnment L - Particle filter Servicing 
Attacnment M - Flow Diagram - Gas Handling System 
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ATTACHMENT A 

START-UP AND SHUTDOWN PROCEDURES 

START-UP 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Connect the prooe/read out connectors to tne side-pack assembiy. 

ChecK pattery conartlon and hyarogen suoply. 

For measurement taken as methane equivalent, cneck that the GAS SELECT Dial IS set at 300. 

Turn tne electronrcs on oy moving the INSR switch to tne ON oosltlon ana ailow ilve (5) mrnutes 
ior warm-uo. 

Set CALIBRATE switch to X10, use CALIBRATE knob to set Indicator at 0 

Ooen tne H2 tank valve and the Hz supply valve all the way. Check that the nyarogen supply 
gauge reads between 8.0 and 12.0 psrg. 

Turn the PUMP swatch ON and check the flow system, according to the procedures in 
Attacnment 0. 

Check that the BACKFLUSH and INJECT valves are In the UP position. 

To light the iiame, deoress the rgnrter swrtch until a meter aeflectlon IS observed. The ignrter 
swrtcn may be deoressed for LID to flve(5) seconas. Do not repress for longer than 
five (5) seconds, since It may burn out the rgnrter ~011. If the Instrument does not Ilght, allow It 
to run several minutes ana repeat ignition attempt. 

Confirm OVA operatronal state by sniffing an organic source, such as a magrc marker. 

Establish a background level in a clean area, by using the charcoal scrubber (depress the sample 
inject valve) and recoraing measurements referenced to background. 

Set tne alarm level, if desired. 

SHUT DOWN 

1. Close HI supply valve and Hz tank valve (Do Not Overtiqhten Valves). 

2. Turn INSTR switch to OFF. 

3. Wart untrl H2 suppiy gauge indicates system IS purged of Hz, tnen swatch off pump. 

4. Put Instrument on electrrcal charger at completion of day’s activities. 

- 

- 

- 

-5 

- 

- 

- 

- 

1 

-. 

- 

-- 
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AlTACHMENT B 

MAINTENANCE AND CALIBRATION SCHEDULE 

Check Particle Filters Weekly or as-needed 

Check Quad Rings Monthly or as-needed 

Clean Burner Chamber Monthly or as-needed 

Secondary Calibratton Check Prror to project start-up 

Prtmary Cailbratlon Check Monthly or if seconaary checK IS off by more tnan z 10% 

Check Pumping System Prior to orolect start-up 

Replace Charcoal 120 hours of use or when background reaalngs are higher 
wrth the Inject valve down than with the ~nlect valve up, In a 
clean environment. 

Factory Service At least annually 

Instruments which are not in service for extended periods of time need not meet the above 
schedule. However, they must be given a complete check-out pnor to their first use addresslng 
the above maintenance Items. 



OVA : 28 ORGANIC 
VAPOR ANALYZER 

I 
XLrnoer 

I 
sage 

ME-02 6oi 18 

I Revision I Effemve Dare 
1 0 5/04/90 

ATTACHMENT C 

CALIBRATIONPROCEDURE 

PRlMARY CALIBRATION 

1. 

2. 

3. 

4 

5. 

6 

7. 

8. 

9. 

Remove instrument comoonents from the instrument shell. 

Turn on Electromcs and Zero Instrument on X 10 scale. Gas select dial to 300. 

Turn on Pump and Hydrogen. lgnrte flame. Go to Survey Mode. 

!ntroauce a Methane Standard near 100 ppm. 

Ad!ust R-32 Trimoot on Circuit Board to maKe meter read to standard. 

Turn off hydrogen flame and adjust meter needle to read 40 ppm (calibrate @ X10) usrng me 
caliorarlon adjust knobs. 

Switch to Xl00 Scale. The meter snould Indicate 0.4 on the l-10 meter markings 
(0.4 x 100 = 40 ppm). If the reading IS off, adjust with R33 Trimpot. 

Return to X10 Scale and adjust meter needle to 40ppm with calibration adjust knob, if 
necessary. 

At the X10 Scale, adjust meter to read 0.4 on the l-10 meter markings using the calibration 
adjust. Switch to Xl scale. The meter should read 4 ppm. If the reading IS off, adjust using the 
R-3 1 Trimoot. 

SECONDARY CALIBRATION 

1. iill an air samplrng bag with 100 ppm (Certrfied) methane calrbratron gas. 

2. Connect the outlet of the air sampling bag to the air sampling line of the OVA. 

3. Record the reading obtarned off the meter onto the calibratron record. 

DOCUMENTATION 

Each office shall develop a system, whereby the followrng calibration Information IS recorded. 

a. Instrument calibrated (I.D. or Serial No.) 

b. late of calibratron 

C. Method of calibration 

d. Results of the calibratron 

e. Identification of person who calibrated the Instrument 

f. ldentrficatron of the calibratron gas (source, type, concentratron. Lot No.) 

- 
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ATTACHMENT D 

PUMP SYSTEM CHECKOUT 

With pumo on hold unit upnght and observe flow gauge. 

Ball level significantly below a reading of 2 is rnadeouate flow. 

ChecK connections at the sample hose. 

Clean or reolace partrcle filters, If flow IS Impaired or :t IS trme for scheduled servrce. 

Reassemole ana retest flow. 

If flow still inaaequate. reolace oumo diaonragm and valves. 

If flow normal, plug air Intake. Pump should slow and stop. 

If no noticeable change In pump, tighten fittings and retest. 

If still no cnange, replace pump diaphragm and valves. 

Document this functron in the marntenance records. 
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AlTACHMENT E 

BURNER CHAMBER CLEANING 

1 Remove plastic exhaust DOR cover. 

2. Unscrew exnaust port. 

3. Use wire Drush to clean Durner tip and electrode. Use wood stick to clean Teflon. 

4 Brush inside of exhaust sort. 

5. Blow out cnamDer with a gentle atr flow. 

6. Reassemble and test unit. 

7. Document this functlon In the maintenance records. 

- 



1. Remove OVA guts from protective shell. 

2. Remove clip nng from bottom of valve. 

3. Unscrew nut from top of valve. 

4. Gently pull valve shaft upward and free of houslng. 

5. Observe rungs for signs of damage - reolace as necessary. 

6. Lightly grease rings wrth silicone grease. 

7. Reassemble valve - do not pinch rings during shaft insertron. 

8. Document this function in the maintenance records. 
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AlTACHMENT F 

QUAD RING SERVICE 
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AlTACHMENT G 

TROUBLESHOOTING 

lndlcatlon 

D High Background Reading 
(More tnan 10 opm) 

l Contrnuai Flameour 

0 LOW Air Flow 

0 Flame Will Not Light 

l No Power to Pump 

0 Hydrogen Leak 
(Instrument Not in Use) 

POSSI ble Causes 

1. Contamtnated Hyarogen 
2. Contamrnated Samole Line 

1. Hydrogen Leak 
2. Dirty Burner Chamber 
3. Dirty Air filters 

1. 01rty Air Filter 
2. Pump Malfunctron 
3. Lrne ObstructIon 

1. LOW Battery 
2. lgnitor Broken 
3. Hydrogen Leak 
4. Dirty Burner Chamoer 
5. Air Flow Restricted 

1. Low Battery 
2. Short Circuit 

1. Leak in Regulator 
2. Leak rn Valves 

- 

- 
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ATTACHMENT G 
TROUBLESHOOllNG 
PAGE TWO 

To be performed by qualified technician only. 

1. No meter response In any switch posrtion (including 8ATT CHK) 

A. Broken meter movement. 
(1) Tio instrument rapidly from side to side. Meter needle should move freely ana return 

to zero. 

8. Electrical connectron to meter IS broken. 
(1) Check all wires leadrng to meter and clean the contacts of quick-disconnects, 

C. Battery IS completely dead. 
(1) Disconnect battery and check voltage with a volt-ohm meter. 

0. If none of the above solves the problem, consult the factory. 

2. Meter responds in 8ATT CHK position, but reads zero or near zero for all others. 

A. Power supply defective. 
(1) Check power supply voltages per Figure 11 of the HNU owner’s manual. If any voltage 

is out of specification, consult the factory. 

8. Input transistor or amplifier has failed. 
(1) Check input connector on pnnted circuit board. The input connector should be firmly 

pressed down. 
(2) Check components on back side of printed circuit board. All connectlons should be 

solid and no wires should touch any other object. 
(3) Check all wires in readout for solid connections. 
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AlTACHMENT H 

SHIPPING 

Since the OVA-l 28 contains hydrogen, it is subject to shipping restrlctlons. 

As Personal Luqqase 

The OVA-128 can be taken on a olane as luggage, since a permit has been Issued from the 
Department of Transportation to the manufacturer (Foxboro). Please refer to the orIgIna permit 

(Attachment 9) ana the extenaed permrt (Attachment 10). 

Air Express 

The followrng taoets must be affixea to both sides of the OVA case wnen snlpoing OVA by Air Express. 

l Danger - Peligro 
l flammable Gas 
l Inside Container Complies with D.O.T. Regulations 
l Hydrogen UN #lo49 
l Name and Address of Recipient 

A hazardous air bill must be filled out. The following information is requested. 

Proper Shrpprng Name Hydrogen 

Classlficatlon Flammable Gas 

I.D. No. UN 1049 

Net Quantity 75 Cubic Centrmeters 

In addition, the shipping’s cenificatlon must be slgned and marked CARGO AIRCRAFT ONLY. 

- 

- 

- 
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AlTACHMENT I 
D.O.T. EXEMPTION PERMIT 

ihr U.S. Dapatt%nt of Aarlth, Iducotion and hlfara’o application 
drtod IUrch 13, 1978. 

3. RAZA11oovS MATtUUU (DescrtDtOr l nd clooo). nyd?O~oa* flamablr &SS. 

4. ?nOPU tllf??I#C W&VI (49 Cm 172.101~. Hydrogoa,. 

3. RtcuuT!0% AJTtcrm. 49 cm 172.101, 17s.3. 

6. MC01 UP TWSPORTAROW *lW!tOKlt~. ?8rron~sr-ccrrr)‘in~ l ireratr. 

8. S?ICuL ?aovIsIoNs. 

a. Lwb davico must b8 shippad la a otton ouc8ide packatina 
as praeribd la 49 CSI 173.301(1). 

b. A ro)1 of this l rer~t:er cnut k crrrled aboard sub at- 
tr8fr uaod co ~ranspott pockr(80 cowrod by Lhi8 r8mrioa. 
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uod Jt Ylahiqton, B.C.: 

Dot-t raw 
(Pm- 

In #8sdMeo with 48 CiR 10t.m of the OIput mrnt of trrnspulotJut (DOT) 
Hrutdw Matrid R.3uhtiOm thr puty(r) H~trb betor wo gtrnt@d lho SWUS Of 
puty to POT-8 m. 

- 

_- 

- 

- 

- 
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ATTACHMENT J 

D-0.1. EXEMPllON PERMIT EXTENSION 

DOT-E 7607 
(EXTENm) 

In accordance with 49 CFR 107JOS of the Department of Transpottaiion (DOT) 
Hazatdous Materials Regulations DOT-E 7607 is hereby extended by changing the 
expiration date in puagreph 10 from Deccm~l, 1983 to Scotamber 1, 1985. 

This extension appliu only to party(s) listed below based on the application received 
in accordance with 49 CFR 107.lOS. All other terms of the exemption rcmatn 
unchanged. This extension forms part of the exemption and must be attached to it. 

OCT 27 1983 
(DATEI 

Hazardous Materials Rquhtian 
Materials Truuporution Bureau . 

Dist: FAA 

EXE?rlPTION HOLDER APPLICATION DATE 

Foxboro Company 
South NorweAk, Ct. 

Septembu 16, 1983 
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ATFACHMENT K 

HYDROGEN RECHARGING 

1. High grade hydrogen (99.999%) is required. 

2. Connect the fill hose to the REFILL FITTING on the side Pack Assembly, with the FILUBLEED 
valve in the OFF posltion. 

3. Open HI supply bottle valve. 

4. Place FILUBLEED valve on fill hose in BLEED position momentarily to purge any air out of the 
system. 

5. Crack the instrument TANK VALVE. 

6. Open REFILL valve on instrument. 

7. Place FILUBLEED valve in FILL position until the instrument PRESSURE GAUGE equalizes with 
the Hz SUPPLY BOTTLE PRESSURE GAUGE. 

8. Shut REFILL valve, FILUBLEED valve, and Hz SUPPLY BOTTLE valve, in quick succession. 

9. Turn FILUBLEED valve to BLEED until hose pressure equalizes to atmospheric pressure. 

10. Turn FILUBLEED valve to FILL Position, then to BLEED posinon, then to OFF. 

11. Close TANK on Instrument. 

12. Disconnectthe FILL HOSE and replace protecttve nut on the REFILL FITTING. 
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ATTACHMENT L 

PARTICLE FILTER SERVICING 

There are two points In the air sampling line of the OVA where filters have been placed to keep 
paruculates from entering the instrument. The location of these filters are indicated on the figure in 
Attachment M. The first filter is located in the probe assembly and the second filter (primary filter) is 
located on the side pack assembly. Cleanrng procedures are as follows: 

1. 

2. 

3. 

4. 

5. 

Detach the probe assembly from the readout assembly. 

Disassemble the probe (the components unscrew). 

The parucie filter located within the probe can be cleaned by blowing air through the filter. 

Reassemble the probe. 

The primary filter, located behind the sample inlet connector on the side pack a’ssembly, is 
accessed by removing the sample inlet connector with a thin-walled 706 inch socket wrench. 
Remove the filter and clean as above. 

6. Reassemble the sample inlet fitting and filter to the side pack assembly. 

7. Check sample flow rate. 
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AlTACHMENT M 

FLOW DIAGRAM - GAS HANDLING SYSTEM 

r 
------c--------------L- - --- 1 

- 

- 

- 

- 
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- 

- 

- 
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CONSTRUCTION DOCUMENTS 



i 

-Ex~-zp:t_f?z~m: Technical Report -We.Prmj%t History - Contract NO.. y-555-2: 
_ ;,-~G.. 

_- 
Underground storage of liquid fuel along waterfront south of Naval NET and Q& 

Fuel Depot, Melville, RI - January 19, 1944 
Charles A. Maguire and Associates I 
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